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A  NEW  BRITISH  FUNGUS. 

BY  THS  BEY.   H.  J.  BEBEBLEY^   M.A.^   9.L.S. 
(WUh  a  Coloured  IlaU,) 

TnouaH  so  much  has  been  done  since  the  conclusion  of  the 
Cryptogamio  part  of  the  English  Flora  in  1837  towards 
forming  a  perfect  list  of  British  Fongi^  the  experience  of  the 
present  abnormal  season  shows  that  there  still  remains  much  to 
reward  diligent  research.  Not  only  has  Mr.  Broome,  amongst 
other  noYelties,  added  to  our  list  almost  all  the  carious  and 
beautiful  species  of  Ascobolus  described  by  the  Messrs.  Crouan, 
of.  Brest — a  dung-borne  genus  distinguished  by  the  curious  pro- 
perty of  partially  ejecting  the  little  sausage-Hke  sacs^  or  asci, 
which  contain  the  sporidia — ^wlule  Wales  and  Scotland  have 
made  some  welcome  additions  to  our  list ;  but  the  Boy.  G.  H. 
Sawyer  has  shown  that  many  of  the  nobler  forms  which  adorn 
the  pine  forests  of  the  Continent  may  still  be  expected  to  occur 
in  the  more  southern  districts.  In  company  with  Hydnum 
imbricatum,  one  of  the  most  strildng  of  British  fungi,  though  a 
rare  inhabitant  of  our  fir  woods,  he  £mds  an  equally  large  species, 
Hydnum  Icemgatum,  together  with  the  beautifully  tinted 
Sydnum  tom&ntosvmi,  and  H.  zonatwm,  of  which  the  two 
fofmer  are  new  to  this  ooontiy;  mi,  in  addition  to  these, 
Bhizina  undulata,  equally  novel  and  remarkable  for  its 
fine  fruit,  of  which,  together  with  the  plant  itself,  we 
give  a  sketch.  But,  besides  these  objects  of  interest,  and 
others  which  we  refrain  from  enumerating,  he  has  contributed 
to  our  Fungology  the  genus  Sparassis,  a  genus  so  striking  that 
Fries  declares  that  Spa/rasais  crispa,  the  species  which  has 
occurred  near  Maidenhead,  is  the  most  beautiful  of  all  the 
fungi  he  has  ever  seen.  Without  pledging  our  taste  quite  so 
&r,  we  consider  the  object  so  beautiful,  in  addition  to  its 
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2  A  New  British  Fungus. 

superior  esculent  qualities,  ttat  it  seems  worthy  of  an  especial 
notice  in  the  Intellectual  Obsebybb. 

Most  of  our  readers  are  acquainted  with  the  little  tufts  of 
white,  cylindrical  bodies,  which  occur  in  profusion  on  our  close- 
shaved  lawns  in  autumn,  looking  like  little  bundles  of  wax 
tapers.  They  belong  to  Clavaria  vermictdaris,  one  of  the 
simplest  forms  of  the  genua  Clavaria,  which  contains  a  large 
number  of  esculent  species,  amongst  which  the  little  candles, 
though  small,  are  not  to  be  despised  when  dressed  in  little 
faggots,  hke  bundles  of  asparagus.  Other  species  of  the  genus 
are  simple  and  club-shaped,  others  branched,  and  some  to  such 
a  degree  that  they  look  like  httle  shrubs  divested  of  their 
leaves.  Some  are  even,  and  some  much  wrinkled;  and,  though 
a  few  are  slightly  compressed,  they  never  assume  the  form  of 
foliaceous  expansions,  though  a  neighbouring  genus,  once  con- 
founded with  it,  but  distinguished  by  its  more  leathery  con- 
sistence, departs  from  the  cylindrical  type.  They  exhibit  the 
most  various  hues,  as  white,  golden  yellow,  rose,  amethyst, 
grey,  orange,  with  many  intermediate  tints. 

The  genus,  Sparassis,  the  name  of  which  is  derived  from 
<nrap6/Tro)y  "  I  tear  or  lacerate,^'  with  the  fleshy  consistence  of 
Cla/varia  and  similar  esculent  characters,  has  flattened  laminaa, 
which  are  in  every  part  covered  with  the  fructifying  surface,  or 
hymenium.  In  ThelepJiora  and  the  closely  aUied  genus, 
Stereum,  in  which  the  divisions  are  often  much  flattened  and 
expanded,  there  is  not  only  a  leathenr  consistence,  but 
the  hymenium  is  definite,  being  confined  to  the  lower 
surface. 

In  Sparassis  the  lobes  are  extremely  large  and  numerous, 
so  BA  to  form  a  rounded  and  sometimes  hemispherical  mass, 
occasionally  a  foot  or  more  in  diameter,  with  a  height  of  several 
inches ;  which,  together  with  a  delicate  waxy  appearance,  ren- 
der the  species  most  striking  objects.  The  habit  is  somewhat 
similar  to  that  of  Millepora  reticulata,  an  analogy  which  is  not 
without  example  amongst  other  Lithophytes;  in  which,  as 
Fries  remarks,  we  find  forms  which  remind  us  of  such  genera  as 
Agaricus,  Boletus,  Hydnwm,  Clavaria,  Peziza,  etc.  Similar  re- 
semblances occur  amongst  the  galls  on  leaves  produced  by 
insects,  which  accordingly  have  been  confounded  by  superficial 
observers,  even  since  the  principles  of  Pungology  have  been 
better  known,  with  true  fungi. 

Sparassis  lammosa,  which  may  be  considered  as  the  type  of 
the  genus,  has  not  yet  occurred  in  this  country.  It  is  found  on 
old  oak  stumps,  or  amongst  oak  chips,  and  acquires  the  size  of 
a  large  cauliflower.  When  pure  in  colour  and  young  it  is  ex- 
cellent, but  it  soon  acquires  a  yellow  tinge  and  disagreeable 
smell,,  and  is  then  wboUy  unfit  for  food*    iSie  laminee  are  very 
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large  and  broad,  springing  from  a  very  short  stem,  and  are 
narrow  and  wedge-shaped  below,  but  dilated  above,  ai^d  con- 
fluent with  each  other  in  every  direction. 

Sparas&is  cri^pa,  though  sometimes  attaining  a  considerable 
size,  is  on  a  smaller  scale.  The  laminea  are  more  rounded  and 
leaf-hke,  though  curled,  and  folded,  and  variously  lobed  and 
laciniate,  with  a  crest-like  margin,  and  springing  from  a  well- 
marked,  thick,  rooting  stem,  the  greater  part  of  which  is  sunk 
in  the  soil.  The  hymenium  is  more  or  less  uneven,  and 
rather  wrinkled,  or  rough,  with  little  wart-hke  elevations.  In 
decay  the  margin  becomes  soft,  acquiring  first  a  yellow,  then  a 
brownish  tinge,  and  finally  the  whole  forms  a  loathsome  mass. 
Like  all  other  esculent  fungi,  those  specimens  only  are  fit  for 
use  in  which  there  is  not  the  slightest  tendency  to  decay. 

Sparassis  crispa,  which  was  found  in  a  fir  wood  in  south- 
east Berkshire,  between  the  Asylum  for  Criminals  and  the 
Wellington  College,  where  there  is  much  fern  and  heath,  occurs 
in  several  parts  of  Europe.  It  is  rare  in  Sweden,  but  more 
common  in  Germany,  especially  about  Prag,  where  it  ia  fre- 
quently brought  for  sale  to  the  market.  It  also  occurs  in 
France  in  the  provinces  bordering  on  the  Ehine,  where  it  is 
said  by  Koques  to  be  highly  valued.  We  have  not  heard  of  its 
beinfif  used  m  Hungary,  nor  does  it  occur  in  a  large  collection  of 
fim^^thered  in  L  neighbourliood  of  SchemmL 

It  is  scarcely  probable  that  it  will  be  found  in  this  country 
in  sufiScient  quantities  to  make  it  an  article  of  food,  but  in  case 
it  should  be  found  plentiful,  we  subjoin  Roques'  ^^  indications*^ 
for  its  preparation,  which  apply  equally  to  true  speciea  of 
OltLvaria,  to  which  genus,  indeed,  it  is  referred  by  Boques,  in 
this  following  Wulfen,  who  described  it  in  Jacquin's  Miseelhmea 
Austriaca.  Schseffer  referred  it  previously  to  Elvella,  with  a 
less  correct  appreciation  of  its  affinities. 

"The  plant,''  says  Monsieur  Roques,  ''should  be  well 
cleaned  from  any  particles  of  soil  which  may  adhere  to  it,  then 
washed  in  warm  water  and  thoroughly  drained,  after  which  it 
should  be  baked  with  butter,  parsley,  a  httle  eschallot,  or  a  soup- 
qon  of  garHc,  and  seasoned  with  pepper  and  salt.  When  tender, 
cream  and  yelks  of  eggs  should  be  added.  While  baking,  a 
few  spoonfrQs  of  stock  or  broth  may  be  added  occasionally,  to 
make  it  more  tender.  In  Austria  it  is  simply  fried  in  batter, 
and  seasoned  with  sweet  ba^. 
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OBSERVATIONS  ON  THE  THREE-SPINED  STICKLE- 

BACK— ITS  OVA  AND  FRY. 

GA8TSB0STSZTS  ACTTLlBATUS.—laixDsem  and  Bloch. 
GA8TSE08TEUa  SPINULOSUS.^Yamll^  Br.  F.  vol.  i. 

BT  J.   fl.   HOBSFiXL. 

(WUh  an  JUtutratian.) 

The  taste  for  aquaria  may  not  be  so  fashionable  as  it  was  some 
time  ago^  but  the  taste  for  piscicnlture  is  at  fever  heat,  and  I 
know  of  no  object  more  interesting  to  the  microscopist  than 
the  oya  and  &y  of  fish. 

Those  who  may  not  be  able  to  procure  fecundated  ova  of 
sahnon  or  trout,  may  yet  derive  as  much  amusement  and  in- 
struction  by  examining  the  ova  of  inferior  fish^  and  by  studying 
its  development  be  able  to  follow  the  scientific  lecturer  in  his 
description  of  the  ova  and  &y  of  the  more  valuable  kinds. 

I  am  induced  to  make  these  remarks  from  havings  on  the 
3rd  of  June  last^  found  several  nests  of  the  three-spined  stickle- 
back in  a  small  brook  near  Leeds,  which,  after  leaving  Adel 
Dam,  runs  through  the  village  of  Meanwood,  at  which  place  it 
receives  the  refuse  of  some  large  tanneries,  in  which  polluted 
water  the  nests  appeared  to  be  as  abundant  as  in  the  purer 
water  nearer  the  source  of  the  brook. 
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The  nests  were  about  four  or  five  yards  apart,  and  guarding 
each  nest  was  a  male  stickleback,  and  it  was  easy  to  see  at 
a  glance  which  fish  was  the  master  tyrant  of  the  colony,  his 
colours  being  much  brighter  and  more  vivid  than  the  others  in 
his  immediate  vicinity  could  show;  the  back  a  rich  green, 
growing  darker  towards  the  tail ;  inside  the  lower  jaw,  and 
along  the  gill  covers  and  belly,  a  vivid  red;  the  eye  deep  blue, 
with  a  rich  deep  black  pupil,  the  fins  appearing  nearly 
transparent. 

I  secured  the  most  briUiant^coloured  male  fish  I  could  find, 
and  the  nest  he  was  guarding ;  it  was  fuU  of  ova^  in  which 
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could  be  seen  plainly  the  eyes  of  the  embiyo  fiy.  On 
reaching  home,  however,  I  found  the  colour  of  the  fish  much 
duller^  and  the  green  on  the  back  had  changed  to  a  dusky 
blue. 

In  Mr.  Couches  History  of  the  Fishes  of  the  British  Islands, 
vol.  i.  p.  167,*  is  a  most  interesting  account  of  the  habits  of 
this  fiish,  especially  its  pugnacious  disposition.  For  this  reason 
I  placed  in  the  same  yessel  with  the  nest  and  the  male  fish 
three  females.  At  once  the  male  began  a  furious  attack  on  the 
trio,  chasing  them  about,  seizing  the  most  weakly  by  the  tail, 
dragging  it  half  round  the  vessel,  rising  with  it  to  the  surface 
of  the  water,  as  if  to  force  it  out ;  sometimes  he  would  seize  it  by 
the  pectoral  fin,  and  turn  it  violently  on  its  side,  continuing  these 
attacks  incessantly,  until,  in  twelve  hours,  the  weakest  female 
died ;  the  next  died  in  about  six  hours  after  the  first.  During 
these  attacks  the  females  acted  only  on  the  defensive,  by  pro- 
jecting the  ventral  spines,  and  could  they  have  received  him 
on  the  sharp  point  of  one  of  these  weapons,  such  was  the  force 
with  which  he  swam  at  the  female,  that  death  to  the  tyrant 
must  have  immediately  followed.  The  male  was  veiy  bold ; 
he  would  follow  the  feather  with  which  I  removed  the  newly- 
hatched  fiy,  and  if  the  fry  escaped  off  the  feather,  he  seized  lus 
infant  fish,  and  devoured  it  at  once.  From  the  first  dead 
female  I  abstracted  some  immature  ova,  which  he  pounced 
upon  the  moment  I  placed  them  in  the  water;  then  he  blew 
out  a  portion,  re-caught  it  as  it  descended,  and  again  ejected  a 
portion  to  renew  his  attack  on  the  second  dying  female.  When 
resting  fi-om  his  attacks  on  the  other  fish,  he  invariably  hovered 
with  his  nose  close  to  the  hole  of  the  nest,  with  tail  considerably 
elevated,  and  blew  a  strong  current  of  water  through  the 
nest  by  means  of  his  pectoral  fins. 

The  nest  is  curiously  formed,  but  not  of  such  minute  particles 
as  those  described  in  Mr.  CoucVs  account.  One  piece  of  withered 
grass  measured  seven  inches,  and  was  so  interwoven  with  the 
rest  as  to  drag  the  whole  nest  some  distance  before  I  could 
extricate  it.  To  save  the  life  of  the  surviving  female,  I  put  her 
into  a  separate  vessel,  and  as  soon  as  the  male  found  himself 
alone  he  swam  round  the  nest  several  times^  forming  it  into 
shape  by  the  rapid  action  of  his  pectoral  fins ;  at  short  intervals 
he  plunged  his  nose  into  the  opening  as  if  to  clear  it,  and 
resumed  his  position,  hovering  over  the  nest,  and  forcing  water 
in  a  strong  current  through  it.  His  dorsal  spines  were  now 
laid  back  so  as  to  be  hardly  visible ;  when,  however,  he  was 
attacking  the  females  these  spines  were  constantly  erect*  He 
often  took  the  empty  crusts  of  the  hatched  ova,  as  well  as  the 

*  A  SUtoty  of  the  FUAet  of  the  British  Islands,    Bj  Jonathan  Couob,  Esq., 
F.L.S.    London :  Oroombridffe  and  Sons, 
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fry  that  had  died  in  the  hatchings  into  his  mouthy  but  instantly 
ejected  them. 

The  fiy  began  to  hatch  out  the  day  I  got  the  nest ;  three 
ova  hatched  while  under  examination  with  the  microscope.  First 
I  saw  distinctly  the  entire  fish  curled  up  in  the  shell  of  the 
OYum ;  a  convulsive  movement,  and  the  tail  protruded,  and,  by 
a  continuance  of  these  convulsions,  the  entire  fish  freed  itself 
from  the  crust  of  the  ovum  in  about  twenty-five  minutes  after 
the  crust  was  first  ruptured ;  in  some  instances  the  head  and  tail 
protruded  simultaneously,  in  which  case  the  crust  of  the  ovum 
remained  round  the  fry  like  an  awkward  belt,  which  was  not 
got  rid  of  under  forty-eight  hours. 

The  newly-hatched  fry  is  a  quarter  of  an  inch  long,  and  is 
furnished  with  a  transparent  membrane,  like  the  fry  of  salmon 
and  trout.  This  membrane  commences  where  the  anterior  dorsal 
fin  in  the  adult  fish  is  seen,  and  continues  unbroken  till  it 
reaches  a  short  way  over  the  umbilical  vesicle,  where  it  ter- 
minates. Inside  this  membrane,  forming  the  outline  of  the  fish 
itself,  a  very  fine  dark  brown  line  extends  all  round  the  fish, 
and  inside  this  a  faint  double  streak  of  a  pale  orange  colour. 
These  orange  lines  are  blood-vessels,  and,  with  a  high  power, 
the  blood-£scs  can  be  clearly  seen  running  from  and  to  the 
heart,  which  is  situated  just  under  the  lower  jaw,  its  colour  light 
red,  its  beat  rapid,  the  mouth  of  the  fish  opening  with  every 
pulsation  of  the  heart ;  the  eyes  as  well  as  the  head  are  large, 
the  latter  covered  with  several  irregular  dark  brown  spots.  On 
the  day  after  hatching,  the  fish  assumes  much  more  colour^ 
losing  its  transparency,  so  that  the  flow  of  blood  in  the  body 
is  not  so  clearly  seen ;  but  in  the  umbilical  vesicle,  which  is 
becoming  rapidly  absorbed,  the  flow  of  blood  in  its  numerous 
vessels  is  very  visible.  The  incessant  motion  of  the  pectoitd 
fins  suggests  the  fluttering  of  a  phantom,  they  are  so  transpa- 
rent. 

On  the  third  day  after  hatching,  the  fry  is  much  more 
covered,  especially  on  the  head,  with  dark  brown  spots,  having 
deeply  serrated  edges ;  some  of  these  spots  also  appear  on  the 
umbilical  vesicle.  Through  this  colour  the  heart  is  no  longer 
visible,  nor  any  blood-vessels,  except  those  between  the  rays  of 
the  pectoral  fins,  which  are  losing  their  traasparency,  and  are 
at  times  for  a  moment  stationary.  The  eyes  as  well  as  the 
head  occasionally  move,  the  mouth  continually  opens  and  shuts ; 
the  outer  circle  of  the  eye  can  be  perceived  through  the  micro- 
scope. The  fry  now  are  very  active,  often  swimming  to  the  sur- 
face of  the  water,  then  sinking  gradually  to  the  bottom,  when, 
after  a  short  rest,  they  dart  rapidly  about  again. 

On  the  fourth,  fifth,  and  sixth  day  after  hatching,  my  infant 
sticklebacks  make  little  progress ;  the  umbilical  vesicle  is  gra- 
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dually  being  absorbed^  the  spots  on  the  body  show  less  serrated 
edges,  and  are  deeper  in  colour;  the  entire  surface  of  the  fish 
is  stsdned  rather  than  coloured  a  cinnamon  brown ;  the  envelop- 
ing membrane  is  mudh  reduced  in  places,  especially  at  what 
will  form  the  root  of  the  caudal  fin. 

On  the  seventh  day  the  rays  of  the  anal  fin  begin  to 
appear,  six  imperfect  rays  of  a  brown  colour  being  visible  under 
the  microscope ;  the  lower  jaw  alone  maintains  its  transparency. 
On  the  eighth  day,  the  markings  of  the  anal  fin  are  more  per- 
fect, the  membrane  is  much  narrower,  except  where  the  spines 
and  fins  in  the  adult  fish  are  seen ;  four  days  after  this,  or  on 
the  twelfth  day,  the  first  formation  of  the  caudal  fin  is  seen,  also 
the  protrusion  of  the  ventral  spines. 

Notwithstanding  a  daily  change  of  water,  on  the  thirteenth 
day  my  infant  sticklebacks  were  attacked  by  a  parasite,  in- 
vkibl/to  the  naked  eye,  bat,  when  magniied/it  was  ad. 
hering  to  the  membrane  which  still  encircled  the  fish.  This 
membraae  showed  clearly  the  ravages  of  the  invader,  being 
torn  in  several  places,  and  by  this  I  lost  my  whole  stock,  losing 
first  their  activity  and  in  twelve  hours,  life. 

It  was  my  intention  to  have  ascertained  how  long  after 
fecundation  the  ova  remain  before  the  fry  are  hatched,  and 
the  different  periods  that  elapse  in  the  development  of  the 
dorsal  and  ventral  spines,  and  also  the  dorsal,  caudal,  and  anal 
fins ;  this  I  am  obliged  to  defer  to  another  season.  Z  have^ 
however,  seen  enough  to  prove  that  the  delightful  study  of 
pisciculture  may  be  successfully  followed  without  practising  on 
the  ova  of  valuable  fish  like  the  salmon  and  trout,  for  quite 
sufficient  resemblance  exists  between  the  development  of  the 
ova  and  fry  of  the  insignificant  sticklebacks  and  the  king  of 
fresh- water  fishes,  that  he  who  studies  the  inferior  may  easily 
understand  the  greater. 


8  The  Mo8$e8  Anacalypia  and  Pottia^ 

THE  MOSSES  ANAOALTPTA  AlfD  POTTIA. 

BT  K.   0.   CAMPBELL. 

Febbuabt^  with  its  chilling  breezes^  its  sleety  storms^  its  leafless 
trees^  and  its  oft  snowy  lawns^  while  it  seems  to  freeze  the 
young  buds  of  the  tall  trees^  and  hang  their  bonghs  with 
icicles^  yet  spares  the  lowly  mosses^  and  gives  some  of  the 
most  minute  and  delicate  strength  to  ripen  their  tiny  fruits. 

Of  these^  the  genus  Anacalypta  stands  foremost^  deriving 
its  name  from  ava,  above,  and  KdKvrrro^,  covered,  in  allusion  to 
the  circumstance  that  the  calyptra  remains  on  the  capsule  until 
the  spores  are  perfectly  ripe,  which  is,  doubtless,  a  provision 
of  nature  against  the  inclemency  of  the  season. 

The  members  of  this,  like  those  of  its  sub-genus  Pottia, 
named  in  honour  of  Professor  Pott,  of  Brunswick,  are  smaU, 
chiefly  annual  or  biennial  mosses,  loosely  gregarious,  growing 
upon  newly-exposed  soil,  and  occ€ksionfdly  upon  walls  in  low- 
l^d  districts.  The  two  sections  are  exceedingly  similar  in 
mode  of  OTOwth,  in  fruit,  in  the  form  and  structure  of  the 
leaves,  ana  in  the  inflorescence ;  but  differ  in  the  Pottias  being 
without  a  peristome,  while  the  Anacalyptas  proper  are  furnished 
with  a  peristome,  which  consists  of  a  single  row  of  sixteen 
teeth,  united  at  the  base  by  a  narrow  membrane,  plane,  lanceo- 
late or  imperfectly  divided  into  two  portions,  or  perforated ; 
occasionally,  however,  incomplete  or  fragmentary,  and  without  a 
medial  line.     The  spores,  too,  are  rather  smaller  than  in  Pottia. 

On  banks  and  in  flelds  in  the  middle  and  south  of  Britain, 
those  who  wish  to  investigate  this  interesting  group  may  find 
the  beautiful  little  Andccdypta  StarJceana,  {Stwrl? 8  Anacalypta), 
of  which  we  give  a  magnified  illustration ;  the 
natural  size  of  the  plant  being  less  than  one 
line  in  height  of  stem,  and,  when  in  firuit,  with  a 
seta  of  about  equal  length ;  but  in  this,  as  in 
other  respects,  the  species  is  variable,  for  in  the 
same  tufb  may  be  found  specimens  with  finit- 
stalks  twice  as  long  as  others.  It  will,  however, 
admirably  serve  as  a  type  of  both  sections  of  this 
^enus;  indeed,  it  has  puzzled  muscologists  to 
determine  to  which  section  it  should  properly 
be  given,  the  presence  or  absence  of  a  peris- 
tome being  the  chief  difference  between  it  and 
Pottia  minutula,  or  the  dwarf  Pottia,  variety 
conica,  which  might  almost  bo  called  a  toothless  avacaltpta 
AruuMlypta  Starkeana;  and,  if  we  may  judge  by  wabmaha. 
the  variety  of  names  that  have  been  conferred  upon  it,  as 
A.  Starkeana  by  Nees  and  Homshuch,  Bruch  and  Schimper ; 
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Pottia  Starkeana,  by  C.  MuUer;  Gruninia  Starkeana,  by 
Smith  and  others;  Bryum  minutum^  by  Dickson;  and 
Weissia  aflSnis  by  Hooker  and  Taylor;  while  Wilson  con- 
fesses that  he  "  dare  not  pronounce  them  ^'  (the  two  mosses, 
Anacalypta  8ta/rJceana  and  Pottia  minufula)  ^^  distinct,  haying 
examined  numberless  intermediate  forms,  which  pass  insensibly 
from  the  one  to  the  other/'  We  shall,  perhaps,  be  ready  to 
exclaim,  ''Who  shall  decide  where  doctors  disagree ?''*  Yet 
we  conceive  that,  if  gathered  during  the  present  month,  before 
there  is  a  chance  of  the  peristome  being  lost,  which  may  be 
more  fngatious  than  hitherto  suspected ;  and  if  due  attention 
be  paid  to  the  position  of  the  foliage,  that  of  P.  minutula  being 
more  erect  and  appressed  to  the  stem  in  a  dry  state,  in  all  the 
specimens  we  have  examined,  as  well  as  having  the  lower  leaves 
frequently  of  a  reddish  hue,  there  may  be  less  difficulty  in  de- 
ciding on  its  proper  name  and  location. 

Having  thus  shown  that  the  peculiar  form  of  the  fruit  and 
foliage  is  sufficiently  characteristic  of  the  whole  family,  genus, 
and  sub-genus,  we  now  proceed  to  describe  Anacalypta  Starke^ 
ana  more  particularly. 

As  we  have  already  said,  its  length  of  stem  is  less  than 
one  twelfth  of  an  inch,  within  which  stature  it  bears  two  kinds 
of  leaves,  the  lower  ones  less,  of  an  ovate  acuminate  form ;  the 
upper  ones  larger,  oblong  acuminate,  or  lanceolate,  carinato* 
concave,  the  margin  recurved,  the  reddish  nerve  excurrent, 
and  forming  a  short  mucro  at  the  apex  of  the  leaf,  very  seldom 
discontinued  below  it,  all  of  them  spreading;  the  areolaB  small 
and  roundish,  like  the  perforations  of  a  very  fine  pin  or  needle 
point,  larger  at  the  base,  the  capsule  oval,  with  rather  thin 
walls  of  a  shining  chestnut-brown,  sometimes  regularly  striped 
with  lines  of  a  deeper  tint;  the  lid  conical  and  obtuse ;  annulus 
persistent ;  teeth  of  the  peristome  usually  of  a  pale  red  or 
yellow  colour,  lanceolate,  and  obtuse,  with  distant  transverse 
bars,  but  very  variable,  both  in  form  and  colour,  more  or  less 
perforated,  without  a'  medial  line,  and  erect  when  dry;  the 
fruit-stalk  loosely  cellular,  almost  semi-pellucid,  usually  straight 
when  growing,  shghtly  curved  in  a  dry  state,  and  somewhat 
twisted ;  the  spores  smoothish,  the  barren  flowers  axiUiary, 
mostly  leafless,  sometimes,  but  rarely,  with  a  single  involveral 
leaf;  while  the  PotUa  minutula,  which  in  other  respects  it  so 
nearly  resembles,  has  barren  flowers  of  from  two  to  three 
leaved.  Both  are  found  in  finiit  during  January  and  February, 
but  the  Pottia  appears  to  continue  in  finctification  longer  than 
the  Anacalypta. 

*  It  muBt,  howeyer,  be  acknowledged  that  there  are  few  mosses  which  hare 
not  been  honoured  with  a  like  multiplicity  of  names,  a  ciroumstanoe,  doubtleas, 
chieflj  arising  from  the  advance  of  science  rendering  the  old  nomenclature  defec- 
tire,  nrom  incorrectness  or  inadequacy. 
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There  are  three  other  Anacalyptad^  all  of  which  frnit  in  the 
spring.  Of  these^  A.  coBspitosa,  or  the  Bound^fruited,  grows 
on  chalk  hills^  and  has  been  found  on  Woolsonbnry  Hill^  near 
Hurstpierpoint^  Sussex.  It  is  about  the  same  size  as  A. 
Starkeana,  but  is  easily  distiaguished  from  it  by  the  rostrate 
lid  of  the  capsule^  which  latter  is  also  more  oyate^  and  of  a 
yellowish-brown^  with  a  yellowish  fruit-stalky  and  plane-mar- 
gined and  narrower  foliage.  A.  ecespitosa  has  also  a  distinct 
perichsatium^  the  inner  perichaetial  leaf  being  very  broad  and 
sheathing^  and  a  yellowish  annulus  surrounds  the  mouth  of  the 
capsule.  It  fruits  in  March,  as  does  also  AncLcalypta  lanceolata, 
or  the  Lwnce^haved  Anctcaiypta.  The  latter  is,  however,  of 
taller  stature,  the  stems  being  from  one  line  to  half  an  inch 
long.  The  oval  capsule,  tapering  at  the  base  into  a  rather 
long  reddish  pedicel,  has  rather  thick  walls,  of  a  glossy  chest- 
nut colour,  and  is  somewhat  contracted  below  the  mouth  when 
dry.  The  lid  is  obliquely  rostrate,  but  varies  in  length,  some- 
times longer,  sometimes  shorter ;  the  simple  annulus  dehiscing 
in  fragments ;  and  the  peristome  in  this,  as  in  Starkeana,  is 
extremely  variable ;  sometimes  the  teeth  are  almost  linear, 
and  rather  long;  sometimes  shorter,  and  lanceolate  obtuse; 
sometimes  linear  lanceolate,  and  rather  acute,  formed  of  a 
double  row  of  cellules,  here  and  there  perforated  along  the 
medial  line ;  somewhat  jointed,  flattish  and  minutely  papillose, 
i.  6.,  rough,  with  small  roundish  prominences,  and  usually  of  a 
pale  reddish-fawn  colour;  sometimes  of  a  deeper  red;  sub-erect 
when  dry,  or  slightly  incurved  at  the  apex ;  somewhat  obUque 
in  direction,  and  always  connected  below  by  a  common  mem- 
brane. The  yeUowidi-brown  calyptra  reaches  half-way  down 
the  capsule. 

The  rare  Anacaiypta  laUfolia  also  fruits  in  the  spring,  but 
it  can  never  be  confounded  with  either  of  the  others;  its 
singularly  bulb-like  clustered  foliage,  of  an  almost  silvery  hue, 
gives  it  so  peculiar  an  aspect  as  at  once  to  distinguish  it.  The 
leaves  are  roundish-ovate,  apiculate,  or  obtuse,  very  concave 
and  imbricated,  not  recurved  in  the  margin,  membranous, 
shining,  and  whitish,  with  an  erect  capsule,  whose  lid  is  half 
as  long  as  itself,  and  bearing  a  calyptra  that  reaches  half-way 
down  the  capsule ;  the  seta  long,  and  annulus  sub-persistent. 
It  is  an  elegant  moss,  inhabiting  alpine  districts,  where  it  is 
found  in  the  crevices  of  rocks.  It  is  met  with  in  several  places 
in  Switzerland,  and  has  been  found  on  the  Clova  mountama  in 
Scotland,  in  Glen  Phee  or  Glen  Dole,  by  Mr.  Drummond. 

Of  the  Pottias,  P.  cavifolia,  or  the  oval-leaved  Poitia,  is  re- 
markable for  the  variation  in  the  length  of  its  leaves,  fruit- 
stalk,  and  capsule,  even  when  growing  in  the  same  locality ; 
the  different  forms  growing  in  patches,  not  promiscuously,  but 
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in  separate  groups ;  some  having  froit-stalks  more  than  half 
an  inch  long^  others  with  the  seta  scarcely  a  line  in  height^  and 
with  leaves  equally  diverse^  so  that  one  unacquainted  with  the 
circumstance  might  easily  imagine  them  to  belong  to  different 
species.  It  may,  however,  always  be  known  by  tie  peculiarity 
of  three  or  four  membranous  appendages  attached  to  the 
nerve  on  the  upper  side  of  the  leaf.  These  appendages  are 
analogous  to  the  lamellae  of  Polytrichum  hercynicmn,  and  the 
allied  species. 

The  leaves  are^  besides^  erecto-patent^  concave^  slightly 
imbricated,  obovate,  or  eUiptical,  and  more  or  less  piliferous; 
sometimes,  however,  they  are  destitute  of  the  hairy  point.  The 
capsule  is  oval,  crowning  a  shorter  or  longer  pedicel,  and  having 
an  obliquely  rostrate  lid  shorter  than  the  capsule.  It  is  found  on 
banks  and  mud-walls,  and  bears  its  fruit  in  March. 

Pottia  iruncata,  or  the  common  Pottia,  ripens  its  fruit  in 
February  and  Mardi.  This  also  varies  in  stature,  having  stems 
from  half  a  line  to  half  an  inch  long ;  sometimes  simple,  some- 
times branched,  with  a  fruit-stalk  two  or  three  lines  in  length ; 
and,  though  it  chieflv  bears  solitary  capsules,  sometimes  two 
and  even  three  are  found  growing  together.  These  capsules 
are  sometimes  very  short,  broad,  and  wide-mouthed,  at  others 
oblong  and  truncate.  The  leaves  are  more  or  less  spreading, 
widely  lanceolate,  often  wider  above  the  middle,  oblong  and 
acuminate,  with  a  reflexed  margin,  the  nerve  most  frequently 
sub-excurrent,  but  occasionally  ceasing  below  the  apex. 

Wilson  remarks  that  a  variety  of  this  moss  sometimes 
occurs  in  wet  seasons,  '^with  the  stem  branched  in  a  fascicu- 
lated manner,  with  six  or  eight  branches,  each  bearing  a 
capsule.^'  ' 

The  Hd  is  obUquely  rostrate,  and  convex  at  the  base. 

Another  member  of  the  family  fruiting  in  February  is 
Pottia  Wilsoni,  the  ovaUfruited  Pottia,  It  grows  on  banks  in 
a  sandy  soil,  intermixed  with  the  larger  variety  of  P.  truncata; 
was  found  by  Mr.  Wilson  on  rocky  ground  near  Bangor  and 
Carnarvon ;  also  near  Llanfaelog  and  Holyhead  in .  North 
Wales ;  by  others  in  Sussex,  near  Wrexham,  and  near  Over  in 
Cheshire.  It  is  supposed  not  to  be  unfrequent,  but  liable  to 
be  mistaken  for  P.  cavi^olia  or  for  P.  truncata.  In  aspect, 
however,  it  differs  considerably  from  the  latter,  growing  in 
close,  round,  convex  tufbs,  of  a  pale,  glaucous  colour ;  whereas 
P.  truncata^  though  occurring  in  similar  situations,  presents 
extended  flat  patches  with  dark  green  foliage;  and,  while 
the  leaves  of  P.  truficata  are  quinquefarious,  those  of  P.  WiUoni 
are  octofarious.  The  nerve,  too,  is  more  excurrent,  forming  a 
mucro  equal  to  half  the  width  of  the  leaf.  The  areolation  of 
the  leaf  is  opaque  and  small  in  the  upper  part,  larger  and  dia- 
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plianons  towards  the  base.  It  also  differs  in  the  inflorescence^ 
P.  tnmcaia  bearing  gexnmiform,  barren  flowers,  while  P. 
Wihoni  has  naked  antheridia,  and  fruits  nearly  a  month  earlier. 
They  need  not,  therefore,  be  confounded;  and  the  peculiar 
structure  of  the  leaves  of  P.  camfoUa  easily  distinguishes  it 
when  placed  under  the  microscope. 

Pottia  erinita,  or  bristly  PotUa,  is  another  which  bears  fruit 
in  February,  witii  stems  more  densely  and  compactly  tufted 
than  P.  Wilsoyiiy  and  very  obtuse,  octofarious  leaves,  in  this 
respect  not  unlike  P.  WUsoni,  but  with  a  stronger  rigid  nerve, 
running  out  into  a  much  longer  bristle  point,  twice  or  thrice  as 
long  as  in  P.  WUsoni,  scarcely  opaque ;  the  areolas  larger,  cap- 
sule elliptic-oblong,  scarcely  contracted  at  the  mouth,  having  an 
oblique  rostellate  Ud,  a  smooth  calyptra,  and  naked  antheridia. 

Pottia  Heimii,  the  hmee-leaved  Pottia,  inhabits  moist  banks 
near  the  sea,  and  is  rarely  in  fruit  till  April  or  May.  This  is  a 
taller  species,  but,  like  its  congeners,  it  varies  considerably, 
differing  in  the  size,  shape,  and  direction  of  the  leaves,  as 
well  as  in  the  length  of  the  capsule  and  lid,  while  the  firuit- 
stalk  is  sometimes  less  than  half  an  inch,  at  other  times  an 
inch  long. 

The  stems  are  more  or  }ess  branched,  the  leaves  concave, 
lanceolate,  denticulate,  or  serrated  at  the  apex,  which  is  acute ; 
margin  plane,  not  recurved ;  the  nerve  reddish,  scarcely  at  all 
excurrent,  and  the  inflorescence  polygamous,  having  the 
barren  and  fertile  flowers  variously  disposed  on  the  same  indi- 
vidual; the  flowers  frequently  synoicous,  sometimes  entirely 
barren ;  in  which  case  it  is  destitute  of  paraphyses.  When 
both  organs  are  found  united  in  the  same  flower,  they  are  ac- 
companied by  subclavate  paraphyses,  louger  than  the  anthe- 
ridia. The  capsule  is  of  a  reddish  brown,  erect,  obovate,  or 
oblong  and  truncate,  not  at  all  contracted  at  the  mouth ;  the  lid 
obUquely  rostrate,  and  adhering  to  the  columella. 

We  have  thus  completed  the  review  of  this  minute,  variable, 
but  interesting  genus,  as  far,  at  least,  as  British  examples 
extend. 


*■ 


1      •  t  <;.•:,''» 


'jl-  J^-f-. 


A  \\   •..       :.  r«v:  if-::  y\K  u< 


..  i»«?.\'.    ^'    r.  \VAi::>. 


It     .M      ; 


•  \ 


•  '1  \:<  \\:  t  !''>'•  it  ^  SUM. Id.   i')"',*  '.u  ',  I . 
'•.,  %.♦'  ha^  o  <^merally  to  s.iv  *'U  1)»  li.^  *ii«ATi  'i   ^oc*- 
r^ie  I-  !5'/  iiUu«lutl  lo  has  certai!:'\   not   tlnl.-n  I"'  la  tlio 
rm  pi*oiiounce  it  to  b^j  ilit*  plant  d<*si-.''''l>^  tl  hv  i/tiiui'iis 
'/ r  /f.o.</o<T,  jin.l  v.'tri«)n.ly  iiaTu<.'i  b^  oT'ift*  ;u*:[i'> -iiJi  s 
A'.*,^  '.«!,    rremdl<jf    **  wi^cb-buttir,'*    a'lJ   ^'fc^Lf^i    ■•Jnr^,  *     'i'his 
}s«*-.<oc  is  of  a  bnAvni.^lj-'jTten  •'•oljur,  nui},  v.'jtii  ji  i'.^^h  ■•■'•"tnii- 
fyiii  '  po'Aor,  yn'ovcs   lu  bv'  c  ^>i|)"M*<i  r  f  u    Mitl^itu  i  •  •!'  very 
!   •aulit'i-^  bi;ade<]  tilan-«Piit.v,  Ivi-n'^  i^'  v.v  ii.iiiioius  fr-.'^il^J.      1  n;.->.? 
ti!  iMV:".-!,  it  would  .-st'oin,  r;vpi'iiy  subJ.vide,  .'iU(i  lu  t'  \  ^■'   •/    i  - 
.'.ro.v*^,  \vMi  Ic  jicvv  iV'.uds  f"jfU  a^'C^-'inl  tl.Mp  \\iir'      j.^'Kr'   .     •y 
•  LjUI]).     *' '.rh«  y   fi\(|U)  U' iy/'   "^ay-i   J)r.   Cur|M'rt«'r,''*  ''tiM:»'i,   .^ 
V  'TV  . '  ".  si  Jit:  J  Ir  hi/t*,  una  us  ihry  occaslomilly  ].-!«■>•' i^t   •!   -iri- 
^t'lvt\'    M'iit'»    S'.ul'lcnly    (o.^pccially    in    tU**  lutU\    pu.t    •»•'  tht* 
nut'^-  •';    )'i  'biMp  y  irdcu  walk.),  tliey  h.ivo  rei'o-vi'd  liio  iia:;'v'^ 
of  *  Ui  -en  stars.'     Tliov  aro  not  a'.\v»va  sc»  sudden iv  pi'o.mc-cd, 
b..>rr'«'vt'r^  as  tht*y  aI*^^  ur  to  bo;  Wv  lli-y  -h:  ,iik  u}'  iiiti>  nuTu 
I'bi.s  iu  dn'weatli'  c,  aud  <'\f'and  '»;^^iin  witii  tiio  iu-^\  .-^miw.*.'' 
Thn  i!i(|uirei\s  will,  p^  r'.ai.^!,  b.  c-'TUcut  ^^itll   tln>.  i-rvw..- 
♦i.^M  •  !,i_j*  p  i>sib]y  tliO  it'i'j'.'-iioii  ruty   bo  rjiscd  i"*^    ^^  ^*  •'    -^ 
7.«*f  t'iO  .     Iv  kind  of  jjply,  and  tli^y  bavc  '-vcr    --•:•   ■  <•!   .jh-^.- 
djfi  •■  '  *  ■  '•<  ..'Miaii^w      r«i^<ildy,  tlu'U,  a  sl<  "     v. ''^   h    I    li.»v.    t»» 
i\\[   rS  .......   loMv   found    under    rirrun'slaiiN  x    •  •'  i.'-.l' 'I'-rcd 

ic<>lai.»'*".    .-    I  -'.i  .i  pine.?  wa<MV  n<t:i'njr  "ftiio  oiii    liad  "Ni.^umI 

bpfcie;    I'lny    i'iT"w     iiiKr    on    tir    lUiiUM*.       Jti 
I  *'   V  '''ur-;  !i'«-..  ir:d   1  t'"i:  .'!  "li  noioasT  judfr'nl  of 

•     ;         ■  \v      Lilfl  ■  .    il^i'  ;'       'Mr. 'I'd      «ilU\viu^'>    oi     thr 

■  .".i;p    .,   aid    IL.-    .  .L.  .  *»v- ted   cUantjfes   wLi  li    •' 

<*•    •':••>•:•  '•!,  tl  '  I  :  f\'  ;!.♦'  20iii  •  '}  '  "  t-t  F  re  'm"v 
I'  .  I     I  '-    t:  r.i.ie^  ol*  a  ^i.u.  b-  ! .  I-.'  '-.ji    ./  •. 

^"\t    ••■a-:!:   r.  -I.   M  ,  ■*    ■    •: 
hd   r,e'jt     ,      •     •:  nt  u     A 


1>>  J.-  I' 

n- ,  •■;•. 


r. 


VV     f 


1*         * 


*'      ** 


^    4. 


/ 


•  fl 


V 


%       ,;  >. 


^ 


-v- 


$     «k 


^      ••• 


>      «, 


A  Wifkdfall  for  the  Mieroscope*  13 


A  WINDFALL  FOR  THE  MICROSCOPE. 

BT  THE  HON.   MBS.  WARD. 
{WUh  a  Coloured  Plate.) 

Ant  one  who  (whether  truly  or  otherwise)  has  acquired  the  name 
of  a  naturalist  is  liable  to  be  asked  concerning  a  jelly-like  sub- 
stance occasionally  appearing  in  sufficient  quantity  to  attract 
observation.  The  question  sometimes  will  be,  "  What  is  that 
jelly  which  falls  from  the  sky  V^  as  though  that  method  of  depo- 
sition could  alone  account  for  its  sudden  appearance. 

In  answer,  we  have  generally  to  say  on  being  shown  a  speci- 
men, that  the  jelly  alluded  to  has  certainly  not  fallen  from  the 
sky,  and  can  pronounce  it  to  be  the  plant  described  by  LinnaBus 
as  TremeUa  nostoc,  and  variously  named  by  other  authorities 
Nostoc,  TremeUa,  "  witch-butter,^'  and  ^shot  stars.''  This 
Nostoc  is  of  a  brownish-green  colour,  and,  with  a  high  magni- 
fying power,  proves  to  be  composed  of  a  multitude  of  very 
beautiful  beaded  filaments,  lying  in  gelatinous  fronds.  These 
filaments,  it  would  seem,  rapidly  subdivide,  and  in  this  way  in- 
crease, while  new  fronds  form  around  them  when  favoured  by 
damp.  ''They  frequently,"  says  Dr.  Carpenter,*  ''attain  a 
very  considerable  size,  and  as  they  occasionally  present  them- 
selves quite  suddenly  (especially  in  the  latter  part  of  the 
autumn  on  damp  garden  walks),  they  have  received  the  name 
of  '  fallen  stars.'  They  are  not  always  so  suddenly  produced, 
however,  as  they  appear  to  be ;  for  they  shrink  up  into  mere 
films  in  dry  weather,  and  expand  again  with  the  first  shower." 

The  inquirers  will,  perhaps,  be  content  with  this  explana- 
tion ;  but  possibly  the  objection  may  be  raised  that  Nostoc  is 
not  the  oidy  kind  of  jelly,  and  they  have  seen  some  of  quite 
different  appearance.  Possibly,  then,  a  story  which  I  have  to 
tell  of  some  jelly  found  under  circumstances  of  imdoubted 
isolation,  and  in  a  place  where  nothing  of  the  sort  had  existed 
a  few  hours  before,  may  throw  light  on  the  matter.  It 
happened  a  few  years  ago,  and  I  took  such  notes  as  I  judged  of 
importance  at  the  time,  making  careful  drawings  of  the 
mysterious  substance,  and  the  unexpected  changes  which  it 
underwent. 

To  proceed,  then :  On  the  20th  of  August  I  received  from  a 
friend  fourteen  miles  oflF  a  httle  bottle  containing  a  pale,  jelly- 
like substance  (Fig.  1),  and  a  paper  containing  about  thirty 
black  grains,  at  first  sight  much  resembhng  dry  tea  (Fig.  2). 
The  information  my  friend  sent  with  them  was  that  they 
had  been  found  on  the  deck  of  his  yacht,  tha  vessel  being 

*  The  Microeeope  and  iU  jElevtlaHonSf  p.  838. 
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moored  as  usual  at  some  distance  from  land  in  an  inlet  of 
Lough  Ree,  county  Westmeath. 

I  placed  the  jelly  carefully  in  a  tumbler  of  rain-water,  and 
perceived  that  it  was  composed  of  small,  roundish  masses  of 
two  kinds,  one  containing  n[iinute  brown  particles  (Fig.  3),  and 
the  other  green  (Fig.  4),  and  both  bearing  a  general  resem- 
blance to  miniatare  frog-spawn.  The  masses  containing  green 
particles  were  each  attached  to  a  cord-like  fibre,  and  were  more 
compact  than  those  with  brown.  The  resemblance  to  frog- 
spawn  recalled  to  my  mind  a  dried  specimen  which  I  had 
lately  seen  of  the  plant  Batrachospermumy  and  had  the  effect  of 
leading  me  to  refer  them  at  that  time  to  the  vegetable  kingdom. 

The  microscope  did  not  throw  much  light  on  the  matter. 
With  a  magnifying  power  of  fifteen  diameters,  it  showed  the 
brown  spots  as  in  Fig.  5,  and  the  green  as  in  Fig.  6 ;  but  it 
helped  me  to  make  out  something  about  the  black,  tea-like 
grains  (Fig.  2).  These  proved  capable  of  being  softened;  a 
grain,  placed  for  a  few  minutes  in  water,  separated  into  oval 

S articles,  very  similar  to  the  brown  particles  of  the  jelly,  but 
atter,  as  if  from  drying  and  mutual  pressure.  (Figs.*?,  8.) 
The  idea  at  once  suggested  itself  that  it  had  been  exactly 
similar  to  the  jelly;  but,  from  being  exposed  to  the  sun, 
had  dried  and  hardened. 

I  wrote  to  ask  a  few  questions  about  the  finding  of  the 
jelly  and  black  grains,  and  ascertained  the  following  par- 
ticulars : — 

The  boatman  whose  duty  it  was  to  scour  the  deck  each 
morning  was  repeatedly  annoyed  bv  finding  spots  of  jelly 
(which  he  compared  to  ''small  star-nsh'')  lying  on  the  deck, 
sail-cover,  etc.  He  at  first  thought  he  had  taken  it  up  when 
wetting  lie  deck  with  water  from  the  lake;  but,  when  the 
weather  became  so  rainy  as  to  make  this  artificial  wetting  un- 
necessary, he  still  found  them. 

On  two  mornings,  instead  of  jelly,  the  black  grains  were 
found.  My  correspondent  went  on  board  his  yacht  on  one  of 
these  occasions.  The  morning  was  fine,  and  the  grains  felt 
hard  like  glue,  and  came  awav  easily  from  the  wood  when  a 
penknife  was  passed  beneath  them.  When  they  lay  on  a  fiat 
surface  they  were  rounded  like  drops  of  sealing-wax ;  on  sloping 
surfaces  they  were  elongated ;  for  mstance,  those  lying  on  the 
middle  of  the  cylindrical ''  sail-coat"  which  covers  the  mainsail 
when  ftirled,  were  round,  while  those  at  its  sides  appeared  to 
have  run  down,  as  dropped  glue  would  have  done.  My  in- 
formant did  not  observe  any  grains  on  ropes  in  a  vertical 
position,  or  on  the  mast ;  but  he  noticed  a  coil  of  perfectly 
white  rope  spotted  all  over  with  them.  The  boatman  said  he 
thought  the  black  grains  appeared  in  rather  greater  quantity 
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than  the  jelly  liad  done ;  he  also  remarked  that  they  were  most 
abundant  near  the  stem  of  the  vessel^  just  where  snow  with  a 
little  wind,  or  small  hail  with  a  good  deal  of  wind  would  haye 
been  sure  to  collect;  but  this  remark  refers  only  to  their 
position  ;  the  total  quantity  was  much  smaller  than  a  deposit  of 
snow  or  hail  would  have  been. 

Having  now  fiiUy  detailed  the  antecedents  of  the  jelly,  I 
proceed  to  the  second  part  of  my  story.  I  left  the  jelly 
for  five  days  in  the  tumbler — out  of  sight,  and,  I  believe,  to  a 
certain  extent,  out  of  mind  also  j  and  the  small  portion  of  that 
with  brown  particles  which  I  had  last  examined  with  the 
microscope  remained  still  in  the  ''animalcule  cage,''  slightly 
flattened  between  its  two  discs  of  glass. 

On  placing  the  animalcule  cage  under  the  microscope  on 
August  25th  I  saw  with  sudden  surprise  that  several  singular- 
looking  larvcB  had  made  their  appearance  among  the  jelly. 
That  they  had  been  produced  from  the  brown  particles  was 
evident,  as  many  empty  shells  were  visible,  and  other  similar 
larvsB  could  be  discerned  ready  to  come  out  of  the  particles,  or 
eggs,  as  they  may  in  iiiture  be  called. 

Fig.  9  shows  the  larvae,  the  eggs,  and  the  ''  empty  shells" 
above  alluded  to.  The  eggs  display  the  cellular  structure  so 
commonly  observed  in  minute  aquatic  insects  and  animalcules. 

These  larvae  were  remarkable  for  their  transparency,  re- 
minding the  spectator  of  Dickens's  observation  with  reference 
to  Marley's  ghost,  — ''  His  body  was  transparent,  so  that 
Scrooge,  observing  him  and  looking  through  his  waistcoat 
could  see  the  two  buttons  on  his  coat  behind  1"  I  at  once 
recognized  their  forms  as  familiar  to  me.  A  similar  insect, 
with  its  strange,  seal-like  head  and  tiny  pairs  of  feet  (seal-like 
also)  has  often  thrust  itself  across  the  field  of  view — ^a  giant 
among  pigmies — ^while  I  have  been  examining  minute  animal- 
cules with  one  of  the  higher  powers  of  the  microscope. 

The  larvae  appeared  perpetually  struggling  to  free  them- 
selves from  the  jelly,  and  always  incommoded  by  the  slippery 
glass  above  and  below  them ;  except  when  they  indulged  in  a 
lively  dance  in  the  surrounding  drop  of  water.  Their  gait  in 
this  movement  having  reminded  me  of  the  common  ''  blood- 
worm," Fig.  11  (larva  of  Ohvronomus  plwmosus,  an  insect  nearly 
allied  to  the  gnats),  I  obtained  one  of  the  latter  from  a  water- 
trough  which  abounded  in  its  mud  hiding-places,  and  observed 
that  the  new  larvae  were  very  similar  to  it. 

This  gave  me  a  hint  for  the  more  comfortable  establishment 
of  the  little  Westmeath  strangers.  I  placed  them  in  a  wine- 
glass half  ftdl  of  stagnant  water,  strained  through  muslin  to 
guard  against  the  presence  of  larger,  and  possibly  hostile 
insects;  and  to  the  same  miniature  aquarium  I  removed  the 
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brown  particles"  from  tlie  tumbler,  observing  that  a  similar 
change  had  taken  place  among  them.  In  less  than  half  an 
hour  numbers  of  the  little  larvae  had  rolled  themselves  in  mud 
cases  (Fig,  10). 

Meanwhile  the  green  particles  remained  unaltered.  On  the 
31st,  however,  their  contents  as  seen  through  the  microscope 
seemed  to  assume  a  more  defined  shape.  As  may  be  supposed, 
they  were  inspected  daily  with  much  curiosity.  On  the  2nd  of 
September  the  uniform  green  spots,  so  often  watched,  were 
evidently  seen  to  be  exchanged  for  something  moving.  It  was 
one  of  the  excitements  of  a  microscope  to  guess  what  appear- 
ance they  would  have  when  magnified. 

Pig.  12  represents  what  the  microscope  showed  when  they 
were  conveyed  to  it,  and  the  form  at  first  sight  reminds  one  of 
a  crayfish,  or  lobster;  but  they  proved  to  be  the  '^ caddis- 
worm,"  larva  of  the  caddis-fly.  The  immensely  long,  jointed 
legs,  alike  suited  for  building  the  well-known  habitations  of  the 
caddis-worm,  and  for  walking  nimbly  among  water-weeds,  and 
the  soft  body,  evidently  requiring  defensive  armour,  were  soon 
recognized. 

I  placed  them  in  a  glass,  stocked  with  what  I  believed  to  be 
the  materials  of  their  trade ;  and  at  first  they  floated  somewhat 
helplessly  on  the  surface  of  the  water.  !Ere  long,  however, 
these  young  creatures  began  very  properly  to  make  their 
clothes;  or,  as  one  may  say,  to  bmld  their  houses,  for  these 
were  real  buildings,  although  no  larger  than  those  represented 
at  Fig.  14.  The  reader  may  imagine  how  small  the  grains  of 
sand  must  be  of  which  they  are  constructed.  At  Fig.  13  these 
tiny  edifices  may  be  seen  magnified  fifteen  diameters. 

The  jelly,  then,  was  no  other  than  the  eggs  of  insects,  and 
its  appearance  corresponded  with  some  descriptions  given  by 
Westwood.*  He  speaks  of  the  eggs  of  one  of  the  Chironomus 
family  as  deposited  on  the  leaves  of  aquatic  plants,  and  covered 
with  a  mass  of  gluten ;  and  he  says  of  the  caddis-flies  {Phry- 
ganeidce)  that  they  deposit  their  eggs  in  a  double  gelatinous 
mass,  which  is  of  a  green  colour,  and  he  adds  that  the  female  of 
Phryganea  grandis  has  been  observed  to  creep  down  the  stems 
of  aquatic  plants  under  the  water,  for  the  purpose  of  placing 
her  eggs  in  a  desirable  position. 

The  young  caddis-worms  which  emerged  on  September  2nd 
were  alive  and  well  a  fortnight  later,  and  had  enlarged  their 
cases  considerably.  Unfortunately  the  story  ends  here.  I  was 
called  away  from  home,  locked  up  the  wine-glasses  which  con- 
tained the  two  kinds  of  larvsB, — ^found  them  dried  up  on  my 
return,  and  was  unsuccessful  in  my  attempts  for  their  resus- 
citation.    But    I  think  it  will  be  pronounced  that  I  had 

*  TrUrodMeHon  io  tike  Modem  ClaeiifieaHan  qfJbuectSf  roL  iL,  pp.  62,  516. 
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the  advantage  of  liaving  watched  a  carious  part  of  their 
history. 

And  now,  after  all,  how  did  the  jelly  get  upon  the  deck  of 
the  "Dulcinea"  ?  No  doubt  Ohironomvs  and  Phryganea  deposited 
their  eggs  there ;  but  why  so  recklessly  over  sail-coat,  coil  of 
rope,  and  deck,  instead  of  in  the  lake  close  at  hand  ?  That  I 
do  not  attempt  to  explain,  but  merely  state  the  facts  as  I 
observed  or  heard  them. 


MINSTRELS  OP  THE  WINTER. 

BY   SHIRLEY  HIBBEBD. 

There  are  not  many,  even  among  genuine  inquirers  and 
observers,  who  can  exercise  the  needful  patience  to  gather 
knowledge  for  themselves  on  the  subject  of  winter  birds.  A 
man  who  has  spent  six  days  in  stalking  a  "  muckle  hart  of 
Benmore,''  or  who  has  passed  a  night  in  a  hunter's  lodge  on 
the  shore  of  a  lonely  mere  in  Le  Morvan,  or  has  endured 
wind,  rain,  and  hunger  in  angling  for  grayling  beside  a  poor 
swim  on  the  banks  of  the  Wye,  the  Dove,  or  the  Ribble,  may 
be  able  to  sit  still  for  hours  on  a  muggy  December  day,  or 
during  the  prevalence  of  a  north-easter  in  January,  and  make 
notes  of  what  birds  move  about  among  the  dead  leaves  and 
fern  in  the  copse,  or  try  their  luck  beside  the  frozen  brook,  or 
sail  high  in  the  heavens,  screaming  more  discordantly  than 
the  wind,  on  their  way  to  discover  a  land  of  plenty,  when 
frost  has  made  a  more  terrible  dearth  than  a  burning  drought 
in  summer  time.  It  is  not  at  all  a  barren  occupation  to  sitrat 
a  window  overlooking  an  open  country  or  a  well  wooded 
garden,  and  by  the  aid  of  a  short-focus  telescope,  take  note  of 
all  the  birds  that  come  and  go,  how  many  robins,  blackbirds, 
thrushes,  how  many  less-known  aves  flit  across  the  scene,  or 
pause  for  a  season  and  explore  for  sustenance,  and  perhaps 
whistle  a  merry  song,  or  engage  in  a  small  encounter — ^though 
birds  rarely  fight  in  winter — ^and  thus  acquire  somewhat  of  a 
notion  of  the  ornithological  wealth  of  the  district.  One  thing 
I  know  by  experience,  that  if  the  residents  in  the  suburbs  of 
London,  especially  those  dwelling  three  or  more  miles  from  St. 
PauFs,  were  to  engage  themselves  in  this  very  quiet  and  in- 
exciting  recreation  occasionally,  they  would  derive  considerable 
satisfaction  in  learning  by  observation,  that  many  more  birds 
visit  the  gardens  in  the  suburbs  of  London,  as,  indeed,  of  all 
large  towns,  than  is  usually  supposed ;  and  this  knowledge 
might  make  many  more  contented  with  their  lot  who  are  now 
VOL.  V. — NO.  I.  c 
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bitter  with  disBatisfaction  at  the  rapid  growth  of  towns  and 
the  change  which  is  passing  over  all  things  rural.  I  am  often 
amused  at  the  look  of  astonishment  with  which  friends  some- 
times  receiye  my  rerhal  accounts  of  birds  that  visit  my  garden^ 
but  I  am  not  surprised  that  they  find  it  hard  to  beUeve^  and 
disposed  to  receive  the  narrative  as  a  joke^  for  I  sometimes 
hear  one  say,  "I  haven't  seen  a  robin  the  whole  winter 
through,'^  though  the  speaker  lives,  perhaps,  in  an  open  rural 
spot,  where  a  bird-catcher  could  make  a  good  living,  if 
allowed  to  put  down  traps  ia  the  garden  for  robins  only.  The 
fact  is,  the  majority  of  people  go  through  the  world  with  their 
eyes  shut.  Intellectual  observers  are  thinly  scattered,  and  it 
is  as  yet  known  but  to  few  how  abundant  and  how  cheap  are 
the  sources  of  human  hap|Hness. 

Not  that  an  observer  now  pressing  his  nose  to  the  window 
pane,  or  chattering  his  teeth  on  a  bleak  common,  would  see  or 
hear  a  great  many  birds.  The  great  flocks  of  harvest  finches 
that  winged  their  way  across  the  stubbles  like  driving 
showers,  appearing  and  re-appearing  as  thoy  were  disturbed 
by  the  sound  of  wheels,  or  voices,  or  guns,  have  all  dispersed ; 
the  plough  has  broken  up  their  pastures,  and  they,  for  the 
most  part,  forage  for  themselves  singly,  or  in  very  small 
parties,  the  males  and  females  being  for  the  present  separated. 
In  the  gardens  there  are  fewer  birds  of  aU  kinds,  even  black- 
bn^,  thrushes,  and  sparrows  are  scarce,  and,  what  is  worse, 
they  are  quiet.  From  the  end  of  October  to  the  end  of 
January,  the  country  is  as  quiet  as  it  is  leafless,  indeed,  more 
quiet  than  leafless,  and  the  silence  is  oftentimes  oppressive, 
especially  when  far  into  November  and  December  the 
meadows  are  stiU  as  green  as  in  April,  many  trees  still 
holding  their  leaves,  and  the  sky  bright  and  blue,  with 
soft  breezes  blowing,  and  everything,  except  the  birds,  affecting 
to  consider  winter  an  impossibility.  But  there  is  no  hypo- 
crisy among  the  birdies,  tlieir  winter  has  come,  and  they  wait 
without  murmuring  the  return  of  spring ;  and  because  of  this 
silence  I  think  it  well  to  gossip  a  little  on  the  song  birds  of 
winter ;  for  happily  there  are  a  few,  and  Nature  has  ordered 
it  that  no  day  or  hour  in  the  whole  year  round  should  pass 
without  some  sort  of  voice  to  serve  it  for  a  chronicle. 

^^  What  are  the  birds  now  to  be  heard  ?  Tell  us,"  you  say, 
^^  about  the  minstrels  of  the  winter,  their  names,  their  features, 
and  their  songs."  On  just  such  a  day  as  I  write  this, 
December  18th — ^barometer  30*41,  thermometer  in  the  shade, 
42° — ^the  sun  shining  brightly  in  a  cloudless  grey  sky,  breeze 
from  the  north-east,  brisk  enough  to  keep  all  thewindmills  clack- 
ing— on  just  such  a  day  I  was  sauntering  beside  the  Avon  at 
Bingwood,  in  the  New  Forest,  wondering  how  the  cows  could 
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manage  to  get  so  fat  on  potamageton  and  other  water  plants 
that  they  always  feed  upon  there>  when  suddenly  I  was 
startled  by  a  splashy  and  saw  a  Uttle  bird  dash  into  the  dear 
stream  beside  me,  and  fly  along  the  neen  weedy  bed  with  the 
swiftness  of  an  arrow,  then  emerge,  ny  upwards,  and  alight  on 
the  bough  of  a  willow  overhanging  the  water.  There  for  a 
moment  he  was  busy  jerking  down  his  throat  some  sort  of 
food  he  had  captured  during  hia  brief  submergenoe,  and  then 
he  broke  out  into  such  a  clear  ringing  song,  that  I  might  have 
fancied  the  whole  affair  a  dream,  or  the  bird  an  angel  in  dis- 
guise. I  remember  the  event  the  mere  particularly,  because, 
till  then,  I  always  believed  the  water  blackbird  {OincliLs  aqua^ 
ticus)  to  be  exclusively  a  native  of  the  highland  glens,  where 
it  overpowers  the  roar  of  the  waterfall  and  the  muttering  of 
the  mountain  breeze  with  its  rich,  wild  melody,  loudest  among 
the  feathered  minstrels  of  Britain.  I  soon  lost  my  friend  ;  he 
vanished  as  suddenly  as  he  appeared,  and  but  once  since  have 
I  seen  this  most  curious,  most  rare,  and  most  musical  of  all  the 
minstrels  of  the  winter. 

Bechstein  describes  the  water-oasel  as  a  favonrite  cage- 
bird  with  the  Germans,  and  MacgUlivray,  greatest  of  word 
painters,  teUs  of  its  habits  as  observed  by  him  among  the 
fastnesses  of  the  north.  In  form  and  features  this  bird  resem- 
bles a  starling  more  than  a  blackbird ;  the  head  tapers  towards 
the  beak,  the  beak  is  long,  fiattish,  and  black,  the  head  and  neck 
are  of  a  rusty  brown,  the  rest  of  the  upper  part  of  the  body  is 
black,  with  an  ashy  tint,  the  qtiill  feathers  and  the  veiy  short 
tail  are  black,  breast  pure  white,  shading  into  deep  maroon, 
and  that  again  shading  into  black,  which  extends  over  the  belly. 
It  is  a  peculiar  bird;  when  looking  forward  in  a  half  crouching 
attitude,  and  for  a  moment  motionless,  it  has  the  look  of  a 
hungry  charity  boy  with  a  bob-tail  coat;  but  when  it  Hfts  up 
its  head  and  stands  almost  erect,  showing  its  broad  white  breast, 
to  pour  out  its  rich  mellifluous  song,  there  is  a  pride  and  daring 
in  its  attitude  befitting  a  bird  that  loves  best  the  mountain 
breeze,  the  brawling  brook,  and  the  foaming  waterfall.  It 
haunts  the  stream  in  the  capacity  of  a  fisher,  and  its  food  is 
principally  the  spawn  of  trout  and  salmon,  and  this  it  seems 
to  take  during  its  flight  under  water,  and  without  needing  to 
pause  where  it  is  impossible  it  could  continue  for  more  than  a 
few  seconds  at  a  time. 

Another  real  minstrel  of  the  winter  is  the  missel-thrush, 
which  I  mention  with  less  of  the  pleasure  I  should  otherwise 
experience,  because  I  have  found  it  impossible  to  cultivate 
mistletoe  in  my  garden  at  Stoke  Newington  through  the  vast 
increase  of  London  smoke,  consequent  on  the  growth  of  build- 
ings on  every  hand.    The  China  rose  was  the  first  to  feel  the 
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sbock^  now  the  mistletoe,  which  used  to  thrive  in  these  parts, 
begins  to  show  signs  of  sickliness,  and  when  we  lose  that  we 
must  say  farewell  to  the  missel-thrush,  or  rather  he  will  take 
farewell  of  us,  and  we  shall  miss  his  boisterous  song.  Hitherto 
the  missel-thrush  {Tvrdtcs  visdvorus)  has  been  a  constant  and 
a  frequent  visitor  at  Stoke  Newington,  and  all  the  gardens  of 
the  northern  suburbs.  He  is  indeed  fond  of  the  suburbs  of 
London,  and  often  seen  at  Brixton,  Tulse  Hill,  Sydenham,  and 
other  spots  which  still  retain  a  show  of  rurality.  But  though 
fond  of  mistletoe  berries,  there  is  no  necessary  connection 
between  the  bird  and  the  druidical  plant ;  and  if  we  lose  the 
missel-thrush  it  will  not  be  because  the  mistletoe  has  perished, 
but  because  the  new  houses  interpose  a  barrier  between  us  and 
the  open  country.  Every  winter  during  the  past  seven  years 
I  have  not  failed  to  see  the  missel-thrush  in  the  garden  half-a- 
dozen  times  at  least,  and  it  is  some  satisfaction  to  know  that  a 
great  boss  of  fruiting  ivy,  which  bears  berries  most  abundantly, 
is  an  attraction  to  this  and  other  winter  songsters,  and  no  in- 
crease of  building  will  destroy  that  or  render  it  less  fruitjfiil. 
Very  few  birds  are  gregarious  in  winter,  two  or  three  black- 
birdis  and  song-thrushes  may  sometimes  be  seen  on  the  lawn 
at  one  time,  and  occasionally  a  dozen  sparrows  will  forage  in 
company  among  the  rhododendrons;  but  the  storm-cock  is 
loneliest  of  the  lonely — ^an  emblem  of  solitude — for  he  comes 
alone,  he  comes  at  times  when  most  other  birds  are  cowering 
for  shelter  in  unseen  retreats,  and  for  a  thrush  of  any  kind  his 
size  is  so  vast  and  his  aspect  so  daring,  that  there  is  a  charm 
about  his  solitariness,  and  his  loud,  melancholy,  monotonous 
song  is  as  appropriate  to  his  whole  character  and  habits  as  to  the 
dreary  season  when  he  most  rejoices  to  utter  it.  It  appears 
not  to  have  been  noticed  that  this  bird  plays  the  hawk  occa- 
sionally among  the  minor  minstrels,  and  is  at  times  as  much 
feared  by  small  birds  as  the  buzzard  and  the  kite.  I  have  seen 
a  missel-thrush  make  a  dash  into  a  bed  of  American  shrubs  in 
front  of  my  drawing-room  windows,  and  put  to  flight  a  score  or 
more  of  sparrows  with  expressions  of  alarm,  as  if  a  bomb-shell 
had  fallen  amongst  them.  White  remarks  upon  its  pugnacity 
during  the  season  of  nidification,  "  driving  such  birds  as  ap- 
proach its  nest  with  great  fury  to  a  distance.  The  Welsh  call 
it  pen  y  llivyn,  the  head  or  master  of  the  coppice.  He  suffers 
no  magpie,  jay,  or  blackbird  to  enter  the  garden  where  he 
haunts,  and  is  for  the  time  a  good  guard  to  the  new-sown 
legumens.'^  This  last  note  has  strangely  escaped  the  notice  of 
the  advocates  of  birds  against  the  destroyers  who  make  no 
exception  in  their  wholesale  devastation,  by  trap,  poison,  and 
gun.  But  it  is  not  in  the  breeding  season  only  that  the  storm- 
cock  is  pugnacious ;  he  is  at  all  times  a  hater  of  birds,  even  of 


Minstrels  of  the  Winter.  21 

his  own  race^  and^  like  the  robin,  leads  a  lonely  life,  knowing  no 
fellowship  except  with  his  mate  while  love  rules  him,  and  to 
her  showing  an  attachment  as  ardent  as  his  hostility  to  all  else 
is  unscmpulous  and  savage.  But  he  is  a  ^'  noble  savage,'^  and 
when  fairly  in  song,  which  does  not  happen  till  the  new  year 
turns,  rejoices  to  peal  out  his  loud,  wild,  and  mournful  notes 
when  eveiy  other  bird  is  silenced  by  the  keenness  of  the  wintry- 
blast. 

Occasionally  in  the  vicinity  of  villages,  and  in  well-wooded 
gardens,  the  winter  days  are  enlivened  by  the  notes  of  the 
woodlark,  the  wren,  the  gold-crowned  wren,  the  robin,  and 
small  companies  of  wandering  finches.  But  the  extent  to 
which  these  become  musical,  indeed  the  degree  in  which  they 
visit  the  abodes  of  men,  depends  much  upon  the  weather,  and 
there  are  times  when  during  frost,  fog,  and  snow,  no  birds 
capable  of  a  musical  note  save  the  sparrow  and  the  robiu  are 
ever  seen.  Where  they  hide  at  such  inclement  seasons  no  man 
can  tell,  but  that  many  of  them  perish  in  hard  winters  is  but  too 
well  known  by  the  finding  of  their  dead  bodies  sometimes  in 
dozens  and  scores,  sometimes  in  hundreds,  in  sheltered  nooks 
to  which  they  had  resorted  for  mutual  protection,  and  to  perish 
of  want  in  a  community  of  misery.  Even  when  no  such  terrors 
threaten  them,  the  dull  weather  so  common  to  December  makes 
them  all  mute,  and  it  is  only  on  those  halcyon  days  when  the 
sun  breaks  through  the  gloom,  and  makes  a  momentary  spring- 
time,  that  we  are  reminded  by  their  music  that  the  world  is  still 
peopled  with  happy  feathered  creatures.  Song  birds  are  not 
such  victims  of  blind  unmeaning  impulse,  not  such  mere  crea- 
tures of  instinct  as  to  sing,  as  Tennyson  says,  "  because  they 
must.''  They  participate  with  us  in  the  depression  consequent 
on  gloom,  and  the  cheerfulness  that  accompanies  life  and  light; 
and  it  is  because  during  December  the  world  is  more  dead  in 
the  aspects  of  the  sky  and  the  state  of  vegetation  than  at  all 
other  seasons,  that  then  nature  is  most  silent,  in  a  certain  sense 
the  grave  has  closed  over  all  things  lovely,  and  the  birdies  are 
buried  with  the  flowers.  It  is  not  lack  of  food,  but  lack  of 
sunshine  that  causes  the  general  silence  of  December ;  fog  is 
more  depressing  than  frost,  and  the  minstrels  that  are  still 
capable  of  song  take  their  moods  from  the  state  of  the  elements^ 
and  are  simply  silent  when  it  would  be  out  of  taste  to  sing.  It 
is  worthy  of  notice  in  this  connection  that  we  celebrate  the 
most  joyous  festival  of  the  whole  year  at  a  time  when  the  aspect 
of  heaven  and  earth  are  most  depressing,  the  origin  of  Christmas 
lying  far  back  and  beyond  the  blessed  histoiyof  whichit  is  now 
i^  brightest  outward  symbol,  and  in  some  sense  but  a  con- 
tinuation in  an  altered  form  of  those  Pagan  feasts  in  which  the 
hollyy  mistletoe,  and  ivy  were  originally  consecrated  as  emblems 
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of  rejoicing.  Still  with  all  the  dolness  of  the  time,  some  songs 
prevail^  and  when  the  resident  birds  have  played  iheir  parts  in 
the  meagre  wintry  chorus^  there  are  many  sojonmers  that  have 
a  song  to  sing^  and  a  few  words  will  suffice  to  enumerate  all 
bnt  a  few  that  make  themfielves  oonspicaous  by  their  braveiy 
and  gaiety. 

Let  ns  not  forget  how  courageously  the  smallest  of  British 
birds  defies  the  winter,  and  is  always  in  a  merry  mood.  The 
common  wren  {MotadUa  troglodytes,  Linn.)  is  as  conmion  in 
the  gardens  at  Stoke  Newington  as  the  robin  and  the  thrush. 
On  a  sharp  winter  it  is  a  common  occurrence  to  see  half  a 
dozen  at  a  time  scuttling  along  the  top  fringe  of  the  ivy  fence, 
or  bustling  about  among  the  dead  leaves  under  the  evergreen 
shrubs,  looking  like  mice,  and  uttering  a  very  mouse-like 
squeak,  which,  like  a  stray  primrose  or  lingering  chrysan- 
themum, is  the  more  welcome,  because  there  is  then  little 
competition,  and  we  are  ghid  of  any  noise  out  of  doors  that  is 
not  positively  discordant.  Neville  Wood  does  real  justice  to 
this  miniature  of  a  songster.  He  says,  ^'  the  song  is  short, 
shrill,  and  remarkably  loud  in  proportion  to  the  size  of  the 
bird.  It  may  perhaps  be  ranked  amongst  the  most  trivial  of 
our  feathered  choristers,  but  the  notes  are  more  prized  than 
they  would  otherwise  be  on  account  of  their  being  frequently 
heard  in  mid-winter,  when  a  mere  scream  would  almost 
seem  sweet,  especially  if  it  proceeded  from  the  throat  of  so  tiny 
a  bird  as  the  ivy  wren.  And  thus  insignificant  and  humble 
(with  regard  to  musical  merit)  as  are  its  strains,  I  always  listen 
to  them  with  delight  in  the  dreary  seasons,  though  we  are  apt 
to  overlook  them  ^together  in  fairer  times.''  The  gold-crowned 
wren  {Begulus  aurocapiU/us)  I  have  seen  but  once  here,  and 
that  was  in  the  winter  of  1858,  during  a  dark  drizzly  day, 
when  the  bird  appeared  suddenly  toying  among  the  branches 
of  a  thorn  near  the  window,  as  if  wholly  unconscious  of  the 
cold,  though  it  is  known  to  be  the  most  susceptible  to  cold  of 
all  the  British  birds,  and  looking  for  the  moment  as  if  a  stuffed 
humming  bird  had  suddenly  oome  to  life  and  escaped  from  a 
glass  shade.  After  sporting  among  the  shrubs  for  several 
minutes,  this  ''  winged  gem,''  remarkable  for  its  minuteness, 
pertness,  and  the  brilliant  colour  of  its  crest,  made  its  way  in 
a  sort  of  jerking  flight  across  the  garden,  shone  for  a  few 
seconds  like  a  flame  on  the  ivy,  and  then  with  a  small  sound 
like  the  creaking  of  a  wheel  at  a  distance  made  its  way  towards 
the  distant  meadows.  I  have  rarely  travelled  far  ia  winter  in 
any  part  of  Herts  or  Surrey  without  seeing  one  or  more  speci* 
mens  of  this  pretty  bird  in  the  course  of  a  journey ;  bat  I  never 
heard  it  really  sing  until  after  the  turn  of  the  year,  and  then  to 
tmderstand  tihie  scope  a^d  character  of  its  song  the  listener 
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sbonld  be  motionlefis^  or  the  bird  will  be  mute.  In  plantations 
and  copses  it  may  generally  be  met  with^  and  it  will  always 
repay  the  rambler  to  take  a  seat  on  a  stone  or  the  stomp  of  a 
tree^  for  a  chanoe  of  a  visit  and  a  performance^  for  the  gold  wren 
is  inquisitive^  and  will  approach  near  to  the  stranger^  and 
sing  its  small  soft^  sweet  song  within  a  few  paces  of  the 
listener  so  long  as  he  maintains  comparative  stoUdity. 

Among  the  winter  visitants  the  fieldfare  most  take  the  lead 
for  the  excellence  of  its  notes^  and  perhaps  the  greenfinch 
should  have  the  next  place^  not  for  sweetness,  but  garrolousness. 
The  fieldfare-thrush  (Turdvs  pilaris)  is  a  handsome  bird,  with 
a  Uvely  expression  and  a  beautifully  dappled  breast.  It  comes 
with  the  redwing  in  October,  and  leaves  us  for  its  Scandinavian 
breeding  grounds  some  time  in  April,  though  both  it  and  the 
redwing  occasionally  continue  later.  The  fieldfares  go  from 
field  to  field  in  vast  fiocks,  preferring  open  flat  countries,  and 
not  often  separating  to  visit  gardens,  though  I  have  seen  soli- 
tary individuals  of  both  species  shot  in  gardens  near  London. 
Ordinarily  when  these  flocks  pass,  the  only  notes  heard  are  the 
call  notes,  and  these  are  sufficiently  unmelodious  to  deter  one 
from  criticism.  Opinions  differ  as  to  the  value  of  its  song. 
Mr.  Wood  speaks  of  having  kept  one  in  a  cage,  but  he  never 
heard  it  sing,  "  if  you  had  seen  it  you  would  have  supposed  it 
had  some  deep  project  in  its  head,  so  wise  and  solemn  did  it 
look.*^  Mr.  Blyth  says,  "  its  song  is  a  mere  chatter.'^  Bech- 
stein  says,  ^'  its  song  is  a  mere  harsh  and  disagreeable  warble.^' 
Mr.  Broderip  says,  ^^  the  song  is  soft  and  melodious,  and  the 
bird  sings  agreeably  in  confinement,  to  which  it  soon  becomes 
reconciled.^'  I  once  had  an  opportuniiy  of  putting  these  various 
statements  to  the  test  of  experiment,  and  the  result  was  this, 
that  individuals  differ  considerably  in  their  powers  of  song ;  but 
what  is  of  more  importance  is  this,  that  there  are  few  bird- 
fanciers  who  can  distinguish  males  from  the  females,  and  so 
hen  birds  are  sometimes  caged,  and  hence  an  unfair  verdict 
upon  the  musical  capabilities  of  the  species.  As  to  cc^ging  it, 
it  is  the  easiest  thing  in  the  world,  and  take  care  not  to  give  it 
more  food  than  needful,  or  it  will  grow  fat  and  die  of  heart 
disease.  There  are  other  points  of  interest  in  the  history  of 
this  bird :  it  has  never  been  known  to  breed  in  this  country, 
and  in  its  own  Norwegian  forests  it  builds  in  forks  of  the  fir, 
and  large  numbers  associate  together.  Sir  Walter  Scott  makes 
a  strange  exception  to  his  usual  accuracy  of  description,  where, 
in  the  "  Lady  of  the  Lake,'^  he  describes  it  as  breeding  in 
Britain,  and  making  its  nest  on  the  ground — 

**  BeneaUi  the  broad  and  ample  bone, 
That  buekled  heart  to  fear  unknown ; 
A  feeble  and  a  timorouB  guest, 
The  field&re  framed  her  lonely  neat^ 
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Among  the  rarer  birds  that  visit  us  in  winter,  and  by  cheer- 
ful notes  break  the  sullen  monotony  of  the  dreary  season^  the 
silktail^  the  grosbeak^  the  snowflake^  crossbill^  mountain  finch^ 
and  mountain  linnet^  may  occasionally  be  seen  and  heard  by 
observers  well  situated,  and  the  counties  of  Surrey  and  Hants 
are  more  often  favoured,  perhaps,  by  these  rare  visitants  than 
any  other  parts  of  England.  I  used,  when  a  boy,  to  catch  in 
the  meadows  of  my  native  village  of  Stepney,  meally  redpoles 
and  greenfinches  in  numbers  greater  than  I  care  now  to 
remember,  especially  as  the  remembrance  includes  not  only 
the  catching,  but  the  unhappy  fate  of  those  birds ;  for  we  used 
sometimes  to  harness  them  with  twine  and  have  them  at  school 
with  us  all  day,  sometimes  hidden  in  our  sleeves,  when  the 
dominie's  eyes  were  to  be  deceived,  and  at  other  times  thrust 
down  a  boy^s  neck  when  there  was  opportunity  for  a  trick,  or  a 
piece  of  vengeance.  Traps  and  cages  were  made  of  impossible 
materials,  a  dozen  or  more  unhappy  prisoners  were  pent  up  in 
cages  not  large  enough  for  one  to  move  about  freely  in,  and  left 
to  fight,  or  starve,  or  perish  as  they  might.  We  are  some- 
times beguiled  into  a  wish  that  we  could  be  "  boys  once  more," 
but  there  is  no  man  with  a  spark  of  true  humanity  who  would 
purchase  back  the  joys  of  boyhood  if  it  were  inevitable  that 
we  must  also  be  as  cruel  as  a  boy ;  and,  alas,  it  must  be  said 
that  as  a  rule,  boys  are  cruel,  implacably  cruel,  and  inventively 
wanton  in  inflicting  cruelty  on  animals,  and  from  the  act  de- 
riving a  pleasure  so  intense,  as  to  prevent  reflection  and  stifle 
the  voice  of  conscience,  which  has  some  force,  even  in 
infants.  The  redpole  {Linaria  pusilla,  Blyth)  is  both  resident 
and  migratory ;  in  the  midland  it  is  common  throughout  the 
year,  frequenting  groves  and  streams ;  in  other  places  it  ap- 
pears only  as  a  winter  visitant,  and  it  is  in  this  character  only 
I  have  made  its  acquaintance.  The  flocks  we  used  to  thin  made 
their  appearance  in  December  and  January,  on  the  site  now  occu- 
pied by  the  Metropolitan  Cemeteiy  and  the  town  which  joins  it 
on  one  side,  and  which  in  my  "  boyish  days  '^  consisted  of 
meadows  and  market  gardens.  There  we  used  to  see  them  in 
vast  flocks,  shifting  about  in  compact  masses,  and  uttering  a 
pleasing  but  confused  song,  as  soon  as  they  alighted  on  the 
hedgerows  and  bushes,  from  which,  on  the  slightest  alarm, 
they  would  take  wing,  and  in  their  progress  mingle  simdry 
call-notes  with  small  snatches  of  song.  On  the  other  hand, 
the  greenfinch  {Loxia  chloris,  Linn.)  has  always  been  known  to 
me  as  less  gregarious  in  its  habits  than  the  redpole,  or,  indeed, 
any  other  of  the  finches ;  and  though  it  is  a  resident,  it  is  only 
as  a  winter  visitant  I  have  had  opportunities  of  observing  it 
sufficiently  to  become  familiar  with  its  habits.  It  is  a  beautiful 
and  lively  bird,  no  whit  less   attractive  in    habit  and  song 
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tlian  the  goldfinch  or  the  chaffinch^  birds  of  no  mean  repute ; 
but,  unfortunately,  the  call-note  of  the  greenfinch  is  abominably 
harsh,  and  so  piercing,  that  it  may  be  heard  at  a  greater  dis- 
tance than  the  call  of  any  other  bird,  and  is  often  useful  as  a 
warning  to  birds  of  other  species,  as  well  as  to  the  individuals 
of  the  fiocks  of  half-a-dozen  or  so  which  frequent  the  London 
gardens  during  the  winter. 

Thus,  in  spite  of  its  being  true  that  the  winter  has  few 
songs,  I  have,  I  hope,  shown  that  it  has  some  music  to  cheer 
the  heart  of  man,  and  encourage  the  observer  to  continue  the 
search  for  knowledge,  even  when  the  opportunities  for  its  ac- 
quirement are  few  and  far  between.  Nor  is  the  list  of  winter 
song-birds  exhausted.  The  crossbill  occasionjJly  appears,  in 
company  with  ^the  hawfinch,  in  our  pine  woods ;  and  these 
are  the  two  most  interesting  of  all  the  rarer  birds  of  Britain. 
Great  is  my  debt  to  them  for  amusement  freely  afibrded  by 
their  pranks  and  melody,  when  they  have  figured  among  my 
household  pets,  as  greatly  prized  as  any.  There  is  the  siskin, 
also  rare,  but  liveliest  of  the  lively — a  bird  with  a  merry  heart 
and  a  vein  of  comic  humour  quite  in  keeping  with  the  queer 
character  of  its  twitter  of  a  song.  And  if  all  these  were 
silent,  we  should  have  the  sparrow  and  the  robin,  friends  that 
fail  not,  that  a  hard  winter  never  annihilates,  and  that  seem  to 
be  of  kindred,  morally,  with  the  redoubtable  Mark  Tapley, 
for  they  are  "  jolly ''  under  circumstances  the  most  adverse  to 
merriment.  But  why  mention  them  together?  they  are  no 
friends,  and  the  first  is  but  a  chattering  thief,  while  the  other 
is  the  bravest,  the  most  individual,  independent,  jovial,  and 
melodious  of  all  the  winter  minstrels.  No  wonder  the  robin 
is  the  most  renowned  in  story,  and  the  most  sacred  in  the 
household  mythology,  for  his  mellow  song  is  like  a  ray  of  sun- 
shine during  a  season  of  darkness,  or,  as  Emerson  says, 
speaking  of  things  altogether  foreign  to  this  subject,  '^Lke 
music  heard  out  of  a  workhouse.'' 


26  Salt  MarsheB  <md  their  Inhabitants. 
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Theke  are  in  oar  comfortable  land  few  scenes  more  dreaay  and 
depressing  than  an  eKtensiye  salt  marshy  especially  if  seen 
under  im&voorable  conditicms  of  weather.  The  monotony  of 
a  vast  expanse  of  moorland  is  broken  by  undnlations  of  its 
surface^  by  the  piuple  flush  of  heather^  or  the  golden  glow  of 
blossoming  gorse ;  and  even  if  there  be  none  of  these  it  be- 
comes grand  rather  than  dreary  in  its  very  immensity^  and  the 
eyer-yarying  play  of  light  and  shade  upon  its  many-tinted 
vegetation^  gives  it  an  indescribable  charm.  But  let  us  change 
the  scene.  Picture  to  yourself  a  bare  expanse  of  cold^  oozy 
soil^  clothed  with  scan^,  stunted  vegetation  of  a  dull  grey- 
green  hue^  with  patches  of  treacherous  mud^  into  which  one 
may  very  easily  sink  up  to  the  knees  before  one  has  time  to 
invoke  the  shade  of  ''Jack  Robinson ^^  (whoever  that 
mysterious  worthy  may  have  been) ;  here  and  there  a  sullen^ 
shallow,  brackish  pool,  with  bottom  of  black  peat  or  mud;  bits 
of  old  worm-eaten  wreck  strewed  about,  and  sinking  month 
by  month  deeper  into  the  unstable  soil;  cast  off  shells  of 
shore-crabs  bleaching  in  the  sun,  and  crunching  beneath  the 
infrequent  footstep ;  no  sight  or  sound  of  life  except  a  few  sea- 
oruUs  or  lapwings  circling  overhead,  and  only  adding  to  the 
''  eeriness  ^'  of  the  scene  by  their  melancholy  cry.  All  this  is 
sufficiently  doleftd,  and  widi  a  dull  leaden  sky,  and  the  breath 
of  a  chill  sea  wind,  one  has  need  ^of  a  considerable  share 
of  the  spirit  of  Mark  Tapley  to  keep  "jolly''  under  the 
circumstances. 

However,  to  the  naturalist  there  is  abundant  int^:«st  in 
localities  such  as  these.  Though  the  vegetation  is  so  poor  and 
stunted,  we  find  on  closer  inspection  not  a  few  interesting  and 
peculiar  plants,  and  we  are  at  once  struck  with  the  fact  that 
many  of  them  are  remarkable  for  their  excessively  fleshy  and 
succulent  leaves.  Perhaps  the  commonest  of  all  is  Glatix 
maritima,  a  modest  little  plant  with  pretty  but  inconspicuous 
pink  flowers,  or  rather,  we  should  scarcely  say  flowers,  for 
petals  are  wanting,  and  the  apparent  flower  is  merely  the  flesh- 
coloured  calyx.  Then  there  is  Salicomia  herbacea,  with  its 
thick,  tumid  leaves,  which  often  obtain  for  it,  though  incor- 
rectly, the  name  of  Samphire ;  the  true  Samphire  (Urithmum 
maritvmum)  being  essentially  a  rock-loving  plant  and  growing 
ofben  in  the  most  inaccessible  positions,  as  Shakspeare  well 
knew: 
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*<Hjaf  way  down 

Hangs  one  that  gatben  samphire,  dreadful  trade : 
Methinka  he  seeniB  no  bigger  than  his  head." 

More  showy  than  these  is  Aster  tripoUvm,  which,  with  its 
mauve  petals  and  bnlliant  orange  disc,  does  the  best  it  can  to 
lend  some  liyehness  to  its  chosen  haunts, 

**  Making  a  sunshine  in  a  shady  place.** 

Some  of  the  ArenaricB,  too,  we  may  find  {A,  marina,  or  A.  pep* 
hides),  not  without  a  quiet  beauty  of  their  own,  but  oertainly 
less  attractive  than  their  rarer  neighbour  the  Sea  Lavender 
{Statics  limomum),  which,  with  its  beautiful  spikes  of  blue  and 
white,  is  aflber  all  not  so  lovely  a  flower  as  its  near  relative,  the 
common  Thrift  {Armeria  maritima).  Thrift  flourishes  no- 
where so  well  as  on  chfPs  overlooking  the  sea.  The  Pre- 
raphaelite  artist  could  scarcely  find  a  more  delightful  study 
than  a  luxuriant  bed  of  this  plant  carpeting  the  sides  of  a 
rugged  rock,  its  glow  of  tender  crimson  intermixed  with  the 
beautiftd  white  of  the  Sea  Catchfly  {Silene  maritima).  But  we 
find  it  likewise  growing  freely  in  the  salt  marsh,  on  the 
mountain-top  far  inland,  and  under  cultivation  in  our  gardens. 
It  seems,  indeed,  to  be  one  of  the  most  hardy  and  accom- 
modating of  our  indigenous  plants.  We  might  much  prolong 
this  list  of  flowering  plants  peculiar  to,  or  very  common 
inhabitants  of,  salt  marshes,  but  must  dismiss  them  with  the 
mere  mention  of  the  genera  Atriplex  and  Flantago,  both  of 
which  will  commonly  be  found  represented.  The  Cryptogamic 
flora,  however,  deserves  further  attention.  In  the  spongier 
parts  of  the  marsh  w%  find  the  roots  and  rhizomes  of  the 
grasses  matted  together  by  a  dense  growth  of  VatuJieria,  one 
of  the  green  Algsd  of  a  genus  which  inhabits  indiscriminately 
fresh,  brackish,  and  salt  water.  The  plant  puts  on  many 
difierent  forms  and  habits,  according  to  the  kind  of  locality  in 
which  it  grows,  and  many  of  these  varieties  have  been  elevated 
to  the  rank  of  species  on  very  insufficient  grounds.  Vattcheria 
is  oertainly  one  of  the  least  b&autiftil,  perhaps  also  one  of  the 
least  interesting  of  its  class.  It  consists  of  branched  tubular 
filaments,  filled  with  a  green  endochrome,  and  without  articu- 
lations. The  filaments  are  mostiy  inextricably  matted  together, 
forming  a  dense  cushion,  so  that  the  base  of  the  tuft  being 
excluded  firom  the  air  and  buried  in  mud,  becomes  yellow  and 
gradually  decays,  while  the  upper  extremities,  continuing  their 
growth,  are  of  a  deep  bluish-green  colour.  The  only  situation 
in  whidi  we  have  ever  seen  any  member  of  tixe  genus  put  forth 
much  pretension  to  beauty,  is  on  the  sides  of  perpendicular 
rocks,  where  it  is  nourished  by  the  spray  of  waterfalls  or 
•runlets.    In  sudi  places  its  green  velvet  fleece,  often  many 
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yards  in  extent^  disposes  itself  in  numberless  tiny  crests  and 
nndulations^  which  give  an  effect  of  exceeding  richness  to  the 
rock   surface.     This  plant  is    V.  coispitosa,   that  of  the  salt 
marshes^  F.  velutina.    While  speaking  of  Vaucheria  we  may 
briefly  allude  to  the  remarkable  fact  that  living  animals  (Boti* 
/era)   have  been  repeatedly  observed  in  the    interior  of  the 
filaments,  nor  is  there  much  diflSculty  in  accounting  for  their 
presence  in  so  unwonted  a  situation.     When  the  tube  of  the 
plant  ruptures  to  allow  of  the  escape  of  a  spore,  or  from  any 
other  cause,  the  opening  so  formed  would  be  amply  suflScient 
to  allow  of  the  ingress  of  a  rotifer,  either  as  an  egg  or  in  the 
mature  state,  and  when  once  established  in  the  filament  there 
is  nothing  to  prevent  the  animalcule  breeding  ad  libitumy  so  that 
plants  have  been  observed  to   be    completely    colonized  by 
Entozoa  of  this  kind.     Intermixed  with  the  marsh  Vaucheria 
we  often  find  a  species  of  OsciUatoria,  an  alga  composed  of 
slender,  unbranched,  tortuous  threads,  which  are  faintly  marked 
by  close  transverse  striee.     Its  filaments  are  of  microscopic 
dimensions,   being    only  one  two-thousandth  of  an  inch  in 
diameter,  and  when  viewed  under  the  microscope  they  exhibit 
plainly  the  peculiar  oscillatory  and  worm-like  motions  from 
which  the  genus  derives  its  name.     The  origin  of  these  move- 
ments is  not  thoroughly  understood.     They  had  been  supposed 
to  be  due  to  ciliary  action  (a  very  convenient  explanation  by 
the  way,  of  all  sorts  of  anomalous,  ill-understood  movements), 
but  are  more  probably  referable  to  some  contractility  inherent 
in  the  tissue  of  the  plant,  perhaps  ancdogous  to  that  which  we 
see  in  the  sarcode  of  Rhizopoda,  etc.     At  all  events,  no  cilia 
adequate  to  produce  such  motions  have  yet  been  detected  in 
Oscillatorise,  and  the  motions  themselves  are  very  difierent  in 
character  from  those  which  we  know  to  be  caused  by  ciliaiy 
action,  such  as  the  rotation  of  Volvox  and  the  spores  of  many 
algae.     I  am  at  a  loss  to  conceive  how  any  observant  scientific 
man  could  explain  these  motions  (or  attempt  to  explain  them), 
as  Dr.  Hassell  has  done,  in  the  following  words : — ^'  The  phe- 
nomenon of  oscillation  is  due  to  a  certain  degree  of  elasticity 
belonging  to  the  filaments,  which  leads  to  the  effort,  on  their 
part,  whenever,  as  on  being  placed  for  observation  on  the  field 
of  the  microscope,  must  be  the  case,  they  are  bent  or  put  out 
of  a  straight  line,  to  recover  that  position  which  is  natural  to 
them.     This  elastic  property  of  the  filament  currQnts,  almost 
imperceptible  in  the  liquid  in  which  they  are  immersed,  and 
perhaps  unequal  attractions  amongst  the  filaments  themselves, 
are  causes  amply  sufficient  to  explain  any  motion  which  I  have 
ever  witnessed  amongst  the  OscillatorisB,  and  which  motion  I 
cannot  help  thinking    to  have  been  misunderstood  and  ex* 
aggerated  to  such  an  extent^  as  to  throw  around  these  plants 
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an  unnecessary  degree  of  mystery/'  A  very  simple  observa- 
tion wonld  have  edlown  Dr.  Hassell  that  these  motions  take 
place  natnrally  during  the  ^jrowth  of  the  plants  and  while  it  is 
free  from  any  of  those  disturbing  causes  alluded  to.  Indeed^ 
it  is  by  these  motions  only  that  we  can  explain  the  very  rapid 
spreading  of  the  filaments  over  a  large  surface,  which  pheno- 
menon may  be  easily  witnessed  both  under  natural  and 
artificial  conditions. 

The  oscillation  is  seen  even  more  beautifully  in  a  nearly 
allied  genus,  SpiruUna,  which  may  occasionally  be  found 
spreading  over  decaying  leaves  and  other  organic  matters  in 
brackish  water,  or  in  the  sea  near  high-water  mark.  The 
plant  itself  is  also  much  more  elegant  than  Oscillatoria,  con- 
sisting of  a  slender  filament,  twisted  closely  upon  itself  so  as  to 
resemble  a  very  delicately  threaded  screw  of  a  beautifully 
delicate  green  tint.  Another  very  curious  organism  of  the 
same  group,  and  occurring  also,  though  much  more  rarely,  in 
salt  marshes,  is  Microcoleas  anguiformis,  which  may  be  described 
as  consisting  of  a  nimiber  of  short  threads  of  an  Oscillatoria 
packed  together  into  a  bundle  and  enclosed  in  a  tubular  sheath^ 
wide  and  open  at  one  extremity,  pointed  and  closed  at  the 
other.  Out  of  the  open  extremity  the  threads  protrude  and 
oscillate,  or  they  may  even  exhibit  themselves  from  a  rent  in 
the  side  of  the  sheath. 

If  we  scan  closely  the  bottom  of  one  of  the  black  unin- 
viting pools  before-mentioned,  we  shall  probably  find  that  it  is 
marked  in  patches,  or  it  may  be  all  over,  with  small  closely-set 
holes,  each  of  which  opens  at  the  apex  of  a  slight  eminence. 
The  tubes  with  which  these  perforations  communicate  are,  in 
fact,  the  habitations  of  a  curious  Amphipodous  crustacean 
(Gorophium  hngicome),  but  whether  they  are  really  the  work 
of  the  Corophium,  or  are  merely  taken  possession  of  by  the 
creature,  as  a  hermit-crab  takes  possession  of  a  deserted 
sheD,  is  not  so  easily  decided.  I  believe  that  the  tubes 
are  mostly  excavated  by  a  small  annelid.  At  any  rate, 
whole  colonies  of  annelids  may  often  be  found  inhabiting  them. 
There  is  no  doubt,  however,  that  the  Corophium  has  the  power 
of  burrowing  very  rapidly  into  soft  mud,  and  it  makes  use  of 
this  faculty  whenever  it  is  alarmed  and  wishes  to  conceal  itself; 
probably  also  when  pursuing  its  prey.  But  though  I  have 
kept  specimens  in  confinement  for  several  days  I  never  could 
find  that  they  formed  any  regular  tubes  Uke  those  which  we  see 
them  inhabiting  in  their  natural  haunts.  There  is  a  traditional 
enmity  between  Corophium  and  the  Annelids,  and  it  is  quite  pos- 
sible that  it  may,  after  killing  the  architects,  take  possession  of 
their  burrows.  So  indeed,  Pagurus  has  been  said  (but  not  proved) 
to  do  with  the  molluscan  builder  of  its  appropriated  habitation. 
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Corophium  longicome  is  most  oommonly  XDet  witk  in  the  mud 
of  brackiah  ditches^  fiat  sea-shores,  and  estiiarine  swamps,  but 
if  the  following  passage  from  Qoatrefages^  ''Rambles  of  a 
Naturalist  ^^  may  be  trusted^  it  wonld  appear  to  be  an  animal  of 
migratory  habits.  ''  Towards  the  end  of  April  these  little 
crustaceans^  termed  by  the  fishermen  of  the  coasts  of  Saintonge^ 
the  Pemis,  arrive  from  the  open  sea  in  myriads.  Guided  by 
their  instinct,  they  come  to  wap^o  an  exterminating  war  against 
the  Annelids,  which  during  the  whole  winter  and  early  spring 
have  multiplied  undisturbed.  As  the  tide  rises  these  voracious 
hordes  are  se^i  moving  about  in  all  directions^  beating  the  mud 
with  their  long  antennsB^  and  pursuing  Nerides  and  Arenicolse 
to  their  deepest  recesses.  When  once  they  discover  one  of  these 
animals,  which  are  several  hundred  times  larger  than  them- 
selves^ they  combine  to  attack  and  devour  it,  and  then  resume 
their  eager  chase.     This  carnage  never  ceases  till  the  Annelids 

have  almost  entirely  disappeared Before  the 

close  of  May  the  work  is  completed^  and  then  the  Corophium 
turns  upon  the  molluscs  and  fishes,  which  it  attacks^  whether 
living  or  dead.  Through  the  whole  of  the  summer  these  crus- 
taceans remain  upon  the  coast,  but  towards  the  end  of  October 
they  all  disappear  in  one  nighty  ready  to  return  the  following 
year.^'*  To  this  account  we  may  add  that  in  some  places,  far 
removed  from  tidal  influence,  where  we  commonly  find  these 
little  crustaceans,  the  migration  spoken  of  cannot  possibly  take 
place.  Probably  the  habits  of  the  creature  may  vary  according 
to  the  circumstances  in  which  it  is  placed. 

Another  Amphipodousf  crustacean,  constantly  met  with  in 
the  pools  of  salt  marshes,  is  Gammarus  loeusta ;  certainly  not 
an  animal  of  beautiful  or  interesting  aspect.  Its  dull  brown  or 
greenish  colour,  its  wriggling  sideways  motion  when  taken  out 
of  the  water,  and  its  habit  (shared  by  other  members  of  the 
family)  of  hanging  together  in  couples,  the  large  male  carrying 
the  smaller  female  about  beneath  him,  holding  her  by  his 
claws;  all  these  give  the  creature  a  certain  repulsiveness. 
Nevertheless,  there  are  several  very  interesting  points  to  be 
observed  respecting  it.  In  the  first  place,  this  genus  {Oam- 
mams)  may  be  said  to  be  the  type  of  the  whole  class  of 
Crustacea.  In  it  the  several  parts  of  crustacean  organization 
are  developed  in  the  most  symmetrical  and  orderly  way,  and 
may  be  separated  and  demonstrated,  perhaps,  more  completely 

*  Quatrefages*  Sambles  of  a  NaturaXirt  on  the  Coast*  of  France,  Spain,  and 
SMif,  yol.  iL,  pttge  312. 

t  The  JSdriopthalma,  or  senile-ejed  enistaceii,  are  Bub-divided  mboAnifhipeda 
and  Iiopoda,  the  former  being  compressed  laterally,  and  having  feet  adapted 
both  for  swimming  and  walking  ;  the  latter  are  flattened  horirontallj,  and  are 
specially  formed  for  nmning.  Of  the  first  named  group,  the  common  Sand- 
hopper  maj  be  taken  as  the  type ;  of  the  ktter,  the  wood^ouse  or  **  Slater.*' 
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than  in  any  other  genus.  The  Begments  of  the  body  and  their 
oorresponding  appendages  may  be  se^a  very  clearly^  there  being 
little  or  nothing  of  that  pressing  together  and  consolidation  of 
several  parts  which  is  so  constantly  exhibited  in  both  the  higher 
andlower  orders.*  We  should  scarcely  expect  to  find  in  an  animal 
of  thiB  grade  muck  development  of  maternal  instmct,  and  yet 
some  observers  have  noticed  snch  maoifestations.  The  ova  of 
Crustacea  are  mostly  attached  in  a  considerable  mass,  to  the 
abdominal  or  false  feet  of  the  female.  In  OanMfnwrua  (and 
in  some  other  genera)  they  remain  in  situ  for  some  time  after 
having  token  on  the  cmstacean  form,  and  even  when  able  to 
swim  freely,  they  will  often  hover  ronnd  the  parent  in  a  little 
clond,  and  when  any  danger  threatens,  again  seek  refuge 
amongst  her  legs.  0.  heusta  is  easily  recognized  by  three 
conspicnons  red  spots  on  each  side  of  the  body,  upon  ike  ab- 
dominal segments.  It  is  a  very  common  species,  but  is  almost 
craifined  to  the  upper  portion  of  the  littoral  zone,  haunting  chiefly 
shallow  tidal  pools,  and  especially  those  heaps  of  decaying  sea- 
weed which  strew  the  shore  between  tide  marks.  In  such 
situations  it  may  often  be  found  in  countless  numbers.  Its 
range  extends  up  tidal  rivers  to  the  utmost  verge  of  brackish 
water,  and  it  may  even  be  met  with  in  ditches  to  which  salt 
water  gains  access  only  once  or  twice  in  the  year. 

A  species  of  Sphseroma  {8,  ragicomda  ?)  is  one  of  the  most 
gen^raUy  distributed  Crustacea  of  brackish  water,  and  is, 
indeed,  almost  the  only  representative  of  the  Isopods  met  with 
in  such  places.  The  species  of  this  and  some  allied  genera 
{ArmcidiUidium,  PorcelliOy  etc.)  have  the  curious  habit  of  rolling 
themselves  into  a  little  ball  when  handled,  remaioing  motionless 
while  in  this  position.  The  terrestrial  species  have  obtained 
for  this  reason  the  trivial  name  of  '^  pill  beetles.^'  It  is  remark- 
able that  some  of  these  animals  are  able  te  live  indifferently, 
either'  in  the  deep  sea  or  on  dry  ground  removed  &om  any 
marine  influence.  ThuB  we  have  taken  Porcellio  seaber  abun- 
dantly on  dry  sandy  hedge-banks,  and  likewise  from  the  nets 
of  trawlers  in  fifteen  fathoms  water.  Such  a  fact  is  very 
curious  and  suggestive,  quite  as  much  so  as  many  of  the 
hypothetical  cases  put  by  Mr.  Darwin  in  his  work  on  the 
*'  Origin  of  Species,'^  and  which  .have  been  so  much  ridiculed 
by  the  opponents  of  his  theory. 

Among  the  Entomostraca  of  salt-marshes  we  find  some  very 
interesting  species.  One  of  the  bivalved  forms  {Cyprideia  torosa) 
was  first  described  by  Professor  T.  Rupert  Jones,  as  a  fossil 
species  occurring  in  the  Tertiary  strata.  Mr.  Jones  likewise 
took  it  living  in  ditehes  near  Gravesend,  and  it  has  since  been 

*  For  ftn  acoonnt  of  the  structure  of  the  akeleton  of  a  typical  Croataoean,  vide 
IvTELLEOTUAX.  OBasBTXX,  ToL  iii.,  page  38. 
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found  abundantly  in  both  fresh  and  brackish  waters  in  the 
counties  of  Somerset^  Durham^  and  Northumberland.*  When 
it  does  occur  it  is  generally  in  prodigious  numbers;  a  £eu^ 
accounted  for  by  the  unusually  large  number  of  ova  which  it 
bears.  The  pecuhar  ringed  and  serrated  hairs  which  occur  on 
the  limbs  of  this  genus  and  of  Cythere  are  very  beautiful  and 
interesting  objects  for  the  microscope. 

Oyprideis  has  no  power  of  swinmiing^  its  motions  being 
restricted  to  crawling ;  but  some  of  the  natatory  Entomostraca 
are  found  in  similar  places.  These  are  chiefly  of  the  same 
family  to  which  the  common  and  well-known  Cyclops  quadri- 
comis  belongs.  The  males  of  these  animals  lutve  the  right 
antenna  very  strongly  developed,  and  provided  about  the  centre 
with  a  hinge-joint,  so  that  it  can  be  flexed  and  used  as  a  clasp- 
ing organ.  In  some  species,  to  render  the  apparatus  still  more 
effectual,  there  is  on  each  side  of  the  hinge  a  plate  armed  with 
spines  or  serratures,  by  which  the  grasp  must  be  greatly 
strengthened.  The  females  may  be  seen  tow£U*d  the  end  of 
summer  and  autumn,  carrying  about  with  them,  attached  to  the 
first  segment  of  the  abdomen,  numbers  of  elongated  cylindrical, 
or  fusiform  bodies  of  a  yellowish  or  deep  red  colour.  These 
are  the  "  spermatic  tubes,''  which  have  been  fixed  in  that 
situation  by  the  male ;  a  curious  mode  of  fecundation,  which  so 
far  as  we  know  is  peculiar  to  this  family  of  Entomostraca. 

The  highest,  or  stalk-eyed  order  of  Crustacea,  is  represented 
in  brackish  water  by  three  species — PaUBmon  varians,  Mysis 
vulgaris,  and  the  common  shrimp  {Orangon  vulgaris).  The 
last  named  is  of  almost  universal  occurrence,  and  calls  for  no 
special  remark  here ;  the  other  two  species  are  comparatively 
rare.  The  Palaemon  is  much  smaller  than  its  congener,  P. 
serraitis  (the  common  edible  prawn),  and  also  quite  deficient  in 
the  beautifully  variegated  colouring  which  adorns  that  species. 
Like  the  rest  of  its  genus,  it  is  very  timid  and  very  agile,  so 
that,  except  with  a  tolerably  large  net,  it  is  difficult  to  catch  it 
when  in  clear  water.  In  muddy  places  the  best  way  of  getting 
specimens  is  to  force  the  net  into  the  mud,  so  as  to  enclose  a 
considerable  quantity;  then  on  washing  it  a  number  of  the 
prawns  will  probably  remain  behind.  It  is  curious  that 
although  these  creatures  seem  so  much  frightened  at  the  sight 
of  a  net,  they  will,  if  one's  hand  is  put  quickly  into  the  water 
and  kept  there  for  a  minute  or  two,  come  boldly  up  to  it,  hover- 
ing about,  and  feeling  it  all  over  with  their  long  antennee.  A 
crowd  of  them  may  be  thus  collected  in  a  very  short  time,  but 
the  slightest  movement  makes  them  dart  off*  rapidly,  and  I  have 
always  found  it  impossible  to  catch  one  in  this  way,  even  though 

*  Vide  a  paper  by  the  present  writer  in  AnnaU  and  Magazine  of  Natund 
JERitary,  January,  1864 ;  alBO  in  IifTBLLECnriJi  Obqvrtbs,  vol.  i.  p.  454.  ' 
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they  wiUsometimes  come  andbask  almost  in  the  pabn  of  the  hand  ; 
probably  the  warmth  of  the  hand  is  the  attracting  influence. 

The  species  of  Mysis,  or  "  Opposom  shrimp,^'  mentioned 
above^  Uving  as  it  does  both  in  &esh  and  strongly  brackish 
water,  brings  before  us  a  very  interesting  problem,  and  one  by 
no  means  easy  of  accurate  solution,  yet  concerning  which  we 
have  some  few  data  which  may  guide  us  to  a  right  result.     We 
find  that  most  fresh-water  genera  possess  also  some  represen- 
tatives inhabiting  the  sea.     And  it  at  once  strikes  us  that  it 
must  be  something  more  than  a  merely  fortuitous  coincidence 
by  which  animals  so  far  separated  in  their  habits  agree  so 
closely  in  structure  as  to  be  included  in  the  same  genus.     If 
Mr.  Darwin  is  right,  as  we  beHeve  he  is,  in  supposing  that  at 
least  all  genera  of  the  same  order  are  descendedfrom  one  common 
ancestor,  we  must  seek  for  an  explanation  of  the  present  state 
of  things  by  looking  backward  to  some  remote  period  when  the 
progenitors  of  the  existent  fresh  water  and  marine  forms  were 
not  separated  by  the  impassable  barriers  which  now   divide 
them.     We  extract  the  following  interesting  remarks  on  this 
subject  from  Messrs.  Spence  Bate,  and  Westwood's  History  of 
the  British  Sessile-eyed  Crustacea  (vol.  i.  p.  390).    With  refer- 
ence to  the  facts  which  we  have  mentioned,  these  authors  say  : 
''  The  key  may  be  suggested  by  the  interesting  discoveries  of 
Gedarstrom,  Olofson,  and  Widigrew,  in  the  lakes  of  Vetter  and 
Vener,  in  the  south  of  Sweden,  of  which  an  accoimt  has  been 
published  by  Loven.     These  two  inland  fresh-water  lakes  are 
situated  on  high  ground,  and  have  the  surface  of  their  waters 
800  feet  above  the  level  of  the  Baltic,  whereas  the  bottom  is 
120  feet  below  such  level.     In  these  lakes  (which  appear  to 
have  been  lifted  up  with  the  gradual  uprising  of  the  country) 
have  been  found  several  genera  and  species  of  Crustacea,  three 
of  which  are  Amphipoda,   which  are  afl&rmed  to  be  identical 
with  marine  ones,  namely,  Oamma/racanthua  loricatvs  (Sabine, 
Boss,  Kroyer),  Pontoporda  affims  (Lindstrom),  and  Qammarus 
cancelloides  (Grerstfeldt).     The  first  is  now  only  known  to  exist 
in  the  Arctic  seas,  the  second  in  the  Baltic,  and  the  last  was 
found  in  Lake  Baikal,  in  Central  Asia.     It  is  therefore  sug- 
gested by  Loven  that  when  the  land  was  raised  so  as  to  convert 
these  waters  from  marine  bays  into  inland  lakes,  these  marine 
species  were  retained  within  the  basins,  the  waters  of  which 
have  since  been  changed,  through  the  agency  of  springs,, into 
fresh-water ;  and  with  the  gradual  transfer  of  the  water  the 
habits  of  the  animals  have  also  changed  gradually,  and  that 
without  any  outward  alteration  of  form.   Professor  Lovdn  thinks 
that  there  is  sufficient  evidence  to  show  that  this  change  in  the 
conditions  of  these  lakes  must  have  taken  place   during  the 
great  glacial  period,  at  a  time  when  the  animals  now  found  in 
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it  (and  which  sre  known  at  this  day  to  inhabit  only  the  eztrexne 
north)  could  have  Hved  in  the  same  latitude  as  the  soutii  of 
Sweden.  The  evidence  of  these  fresh- water  lakes  suggests 
that  similar  changes  in  the  relative  position  of  sea  and  land  may 
have  been  the  cause  of  our  having  fresh-water  Crustacea  nearly 
aUied  to  marine  species  in  our  rivers  and  inland  streams/^ 

Higher  in  the  scale  of  life  the  inhabitants  of  salt  marshes 
are  few  and  far  between ;  a  few  sticklebacks  and  an  occasional 
gasteropodous  mollusc  of  some  conomon  species  will  almost 
exhaust  the  list.  We  should  not^  however^  pass  entirely  with- 
out mention  a  very  interesting  nudibranchiate  moUusc^  which 
has  been  found  in  a  few  places.  This  is  Alderia  modesta,  a 
pretty  little  species  of  a  greenish  colour^  living  chiefly  among 
the  tufts  of  Vaucheria,  upon  which  it  feeds.  Where  it  occurs  at 
all  it  is  mostly  in  great  abundance ;  but  the  only  British  localities 
hitherto  recorded  are  Lougher  Marsh,  near  Swansea^  a  marsh 
near  Gork^  and  Hylton  Dene,  near  Sunderland.  Associated 
with  it  may  sometimes  be  found  a  Uttle  black  slug  of  the  genus 
Limapontia. 

Salt  marshes  such  as  these,  whose  inhabitants  have  been  the 
subjects  of  our  paper,  are  perhaps  the  nearest  analogues  which 
our  islands  can  now  exhibit  of  those  exteiisive  lagoons  which, 
under  the  fostering  influences  of  an  almost  tropical  climate, 
supported  the  dense  forests  of  the  Carboniferous  period.  It  has 
been  inferred  &om  certain  animal  remains  found  in  the  coal 
strata,  that  those  lagoons  must  have  been,  in  some  cases  at 
least,  brackish;  but  considering  the  widely  different  aquatic 
conditions  under  which  it  has  been  shown  that  the  same  species 
may  exist,  too  great  caution  can  scarcely  be  exercised  in  the 
application  of  any  evidence  derived  from  fossil  remains. 


OPTICAIi  GHOSTS. 

The  old  mode  of  obtaining  spectral  illusions  by  means  of  con- 
cave miiTors  presented  many  difficulties,  which  were  practically 
insuperable  when  the  images  were  required  to  be  on  a  large 
scale,  and  to  be  comparable  in  sharpness  and  apparent  density 
with  actual  and  similar  objects  seen  at  the  same  time.  Lately 
these  difficulties  have  been  wonderfully  overcome,  as  the 
''  Patent  Ghosts^'  exhibited  at  the  Polytechnic,  and  elsewhere, 
abundantly  testify.  So  great  has  been  the  popularity  of  these 
exhibitions  that,  now  the  mystery  is  out,  and  an  explanation  is 
ofiered  by  Mr.  Dircks  to  the  public,  the  book*  purporting  to 
reveal  the  secret  would  have  been  widely  welcomed  had  it 

*  The  Ohost,  as  produced  in  the  Spectre  Drama,  Fopularlj  Illustrating  the 
MarrellouB  Optical  Illusions,  called  the  Dircksian  Phantasmagoria)  by  ^niy 
Dizoks,  C  JS.    Shaw. 
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been  better  written,  and  confined  to  its  legitimate  subject. 
Mr.  Dircks  complains  of  others,  and  probably  with  reason ; 
bat  about  quarrels  of  this  kind  the  public  care  Httle,  and  when 
they  pay  their  money  for  the  little  book  entitled  '^  The  Grhost 
as  Produced  in  the  Spectre  Drama,  by  Henry  Dircks,  Civil 
Engineer,^'  they  do  not  expect  to  find  nearly  all  of  it  devoted 
to  a  partially  intelligible  account  of  grievances  with  which 
they  have  nothing  to  do.  The  amount  of  explanation  given 
will  prove  provokingly  small,  and,  to  those  unacquainted  with 
optics,  of  little  use ;  while  those  who  are  familiar  with  that 
science  did  not  want  it  at  all.  Mr.  Dircks^  merit  in  the  patent 
ghost  business  appears  to  consist  in  the  fact  that  he  saw  how 
to  utilize  the  long-known  principles  involved  in  the  neutral 
tint  reflector,  used  by  microscopists  as  a  substitute  for  the 
more  expensive  ca/mera  ludda.  In  this  instrument  a  little 
plate  of  thin  glass  is  placed  so  that  the  eye  looks  at  it  at  an 
angle  of  45^,  and  receives  the  reflection  of  the  image  which 
the  microscope  forms  of  the  object  on  the  stage.  Thus  the  eye 
is  afiected,  not  quite  so  strongly,  but  just  in  the  same  way  as 
if  it  had  looked  straight  down  the  microscope  tube;  and  if  a 
piece  of  white  paper  is  held  below  the  reflector,  the  object 
will  appear  projected  upon  it,  and  the  eye  can,  in  addition  to 
receiving  the  reflection,  look  through  the  glass  and  see  the 
hand  and  pencil  by  which  the  outline  is  traced. 

To  make  this  kind  of  action  plainer,  let  a  few  simple 
experiments  be  performed,  and  let  the  reader  remember  that 
the  angle  of  incidence  is  always  equal  to  the  angle  of  reflec- 
tion, and  that  objects  seen  in  a  looking-glass  seem  just  as  far 
behind  it  as  they  are  actually  before  it.  If  any  of  our  young 
readers  do  not  distinctly  understand  the  angle  of  incidence 
question,  they  can  easily  resolve  it  with  marbles  or  bagatelle 
balls.  Let  them  place  a  box,  with  square  sides,  on  the  table, 
and  make  a  chalk  line,  so  as  to  form  a  perpendicular  to  one  of 
its  sides,  and  falling  on  the  centre.  Then,  if  a  marble  is 
bowled  against  the  box  so  as  to  strike  it  slantingly  on  one 
side  of  the  perpendicular,  it  wiU  be  thrown,  back  in  a  similar 
slant  on  the  other  side  of  the  perpendicular.  The  rays  of  light 
behave  Uke  the  marble  or  bagatelle  ball  in  this  respect. 

For  our  first  experiment,  take  a  hand  looking-glass,  and 
see  your  face  in  it ;  then  inchne  the  bottom  of  the  glass  away 
from  you  till  your  face  is  quite',  ost,  and  then  your  body,  or 
hand,  if  in  the  way,  will  appear  plainly.  You  lose  sight  of 
the  reflection  of  your  face  because  the  angle  of  the  rays  from 
it  which  fall  upon  the  glass  is  such  that  the  resulting  angle  of 
reflection  sends  them  away  from  you.  You  see  your  body,  or 
hand,  because  the  angle  of  their  incident  rays  is  such  that  the 
resulting  angle  of  reflection  carries  the  image  straight  to  your 
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eyes.  Old  writers  were  well  aware  of  the  fact  that  a  plane 
mirror  could  be  so  arranged  that  a  person  looking  at  it  should 
not  see  himself^  but  see  something  else^  which  might  be  behind 
a  screen,  and  quite  out  of  his  natural  view.  It  is,  indeed,  very 
easy  to  make  a  looking-glass  show  you  objects  quite  out  of 
your  line  of  vision,  and  one  of  the  facets  of  a  moderate-sized 
diamond  will  easily  enable  you  to  see  by  reflection  any  object 
in  a  room,  when  you  appear  only  to  be  looking  at  the  finger 
that  carries  the  ring  in  which  it  is  set. 

Having  made  a  few  experiments  with  the  looking-glass, 
take  a  pane  of  window  glass,  or,  what  is  better  if  you  have  it, 
a  piece  of  plate  glass,  the  surface  of  which  is  more  true,  and 
hold  it  upright  on  the  table  near  a  window.  A  few  inches  in 
front  of  it  place  any  small  object  on  the  table ;  a  lady^s  cotton 
reel  will  do  extremely  well.  Stand  upright  with  your  back  to 
the  window,  but  leave  room  for  the  fight  to  fall  freely  on  the 
top  of  the  reel.  Look  slantingly  down  at  the  glass,  and  you 
will  see  the  image  of  the  reel  reflected  by  its  surface,  and 
apparently  as  far  behind  as  it  really  is  before.  The  top  on 
which  the  light  faUs  will  bo  brilhant,  and  the  part  that  is  in 
the  shade  will  be  reflected  in  shadow.  Vary  the  experiment 
by  placing  a  second  reel,  exactly  like  the  first,  as  much  behind 
the  glass  as  the  other  is  placed  in  front  of  it.  You  then  have  two 
reels  presented  to  your  eye,  one  actual,  and  the  other  spectral, 
and  you  can,  as  Mr.  IKrcks  remarks  of  a  similar  case,  so 
arrange  the  objects,  and  your  position,  that  the  image  reflected 
from  the  surface  of  the  glass  shall  exactly  correspond  with  the 
outhnes  of  the  real  reel  seen  through  the  glass.  If  you  put 
any  small  article  on  the  top  of  the  reel  in  front  of  the  glass,  or 
some  one  else  puts  a  similar  object  on  the  top  of  the  reel 
behind  the  glass,  the  optical  efl'ects  wiU  be  the  same. 

Now  make  a  third  experiment.  Put  a  box,  or  thick  book, 
in  front  of  you,  so  that  you  cannot  see  the  reel,  when  placed 
on  the  table  just  under  its  edge.  Then  hold  the  glass  a  little 
way  ofi*,  and  upright  as  before,  so  that  you  see  it  from  top  to 
bottom.  You  may  then  obtain  a  reflected  image  of  the  reel, 
which  the  book  conceals,  and  if  a  strong  light  were  thrown 
upon  it,  the  image  would  be  as  sharp,  distinct,  and  apparently 
solid  as  the  reality. 

Thus  this  kind  of  optical  ghost  is  very  easily  made,  and 
Mr.  Dircks  suggests  a  few  effective  tricks.  We  have  not  dwelt 
at  any  length  upon  verT^al  explanations,  because  everybody 
can  make  the  simple  experiments  suggested,  and  they  will 
explain  the  matter  much  better  than  a  lengthened  essay  could 
efiect.  We  ought,  however,  to  add,  that  Messrs.  Home  and 
Thomthwaite  supply  a  portable  apparatus,  by  which  the 
Dircksian  ghosts  can  be  easily  and  strikingly  shown. 
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Mr.  J.   H.   Brown^   acting  upon  another  set   of  optical 
principles,  oflFers  ns  "Grhost^s  Everywliere,  and  of  any  Colour/'* 
We  need  not  stay  to  comment  on  the  explanatory  part  of  this 
volume,  but  proceed  to  thepictures,  which  are  drawnand  coloured 
so  as  to  excite  similar  images  on  the  retina  in  accidental  colours. 
Out  readers  have    no  doubt   often  tried  the    experiment  of 
sticking  coloured  wafers  on  a  sheet  of  white  paper,  holding  them 
a  strong  light,  and  staring  at  them  fixedly  for  a  few  seconds. 
If  this  is  done,   and  the  eye  then  taken  off  the  wafer,  and 
turned  on  to  the  white  paper,  the  wafers'  image  will  appear 
sharp  and  distinct,  but  in  another  colour.     A  red  wafer  will 
look  green  (or  blue  and  yeUow  combined),  a  blue  one  orange 
(or  red  and  yellow  combined),  a  yellow  one  purple  (or  blue 
and  red  combined),  and   wafers   of  composite    hues  will   be 
affected  in   an   analogous   way.      These   "  spectrjJ,''   "  acci- 
dental,'' or    "  complementary"  colours — for  they  are  known 
under  these  three  appellations — appear  bright  to  the  eye  in 
proportion  to  its  sensitiveness  to  the  original  colour,  to  the 
strength  of  the  illumination,  and  to  the  steadiness  with  which 
the  original  object  has  been  contemplated.     Mr.  Brown  finds 
the  time  occupied  in  counting  twenty,  or  about  a  quarter  of 
a  minute,  sufficient  to  impress  his  figures  upon  most  eyes,  if 
the  plates  are  well  lit  up.     His  directions  are  to  look  steadily, 
for  the  time  specified,  at  a  dot  or  asterisk  to  be  found  in  each 
plate,  "  the  pkte  being  well  illuminated  by  either  artificial  or 
day  Ught.      Then  turning  the  eyes  to  the  ceihng,  the  wall, 
or  the  sky,  or,  better  still,  to   a  white  sheet   hung    on    the 
wall  of  a   darkened  room    (not    totally    dark),  and  looking 
rather  steadily  at  one  point,  the  spectre  will  soon  begin  to 
make  its  appearance,  increasing  in  intensity,  and  then  gradually 
vanishing,  to  reappear  and  again  vanish." 

The  Brownian  spectres  depend  upon  the  tendency  of 
strong  impressions  to  remain  a  little  while  upon  the  eye,  and 
to  reappear  in  accidental  colours.  The  plates  are  certainly 
very  effective,  and  well  designed  for  the  purpose;  but  w^e 
should  recommend  an  avoidance  of  needless  horrors  in  future 
series.  The  grotesque  and  the  beautiful  will  both  work  just 
as  vividly  as  the  ghastly,  and  several  objects  in  the  present 
series  could  not  be  judiciously  introduced  to  the  notice  of 
boys  and  girls  whose  disposition  was  nervous,  or  whose 
superstitious  feelings  had  been  excited  by  injudicious  nursery 
tales. 

Mr.  Brown's  direction  to  enlarge  the  spectral  appear- 
ance by  looking  for  it  on  a  white  sheet,  or  wall,  some  distance 

•  Speetropia,  or  Surprising  Spectral  IHutionty  showing  GhosU  Everywhere 
and  of  any  Colour,  by  J.  H.  Brown.  First  series,  wilh  sixteen  illustrations 
Griffiths  and  Co. 
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off^  is  very  ingenious^  and  brings  na  back  to  the  microscopic 
neutral  tint  reflector  with  which  we  started.  This  re- 
flector enables  drawings  to  be  made  much  larger  than  the 
actual  image  which  the  microscope  transmits  to  the  eye. 
Suppose^  for  example^  the  image  represented  an  insect  one 
inch  long^  and  the  draughtsman  tried  to  sketch  it  with  a  long 
pencil  on  a  sheet  of  paper  placed  on*  the  floor,  he  would  have 
to  make  a  picture  on  the  floor  as  big  as  an  object  must  be  to 
equal  in  apparent  size  a  far  smaller  obiect  nearer  the  eye.  This 
Zj  be  mSe  plain  by  a  diagram,  Jd  plainer  by  an^xperi- 
ment.  Take,  for  example,  a  sixpence,  and  hold  it  at  such  a 
distance  from  the  eye  that  its  diameter  exactly  equals  that  of 
a  large  picture  across  the  room.  Then  the  sixpence,  at  so 
many  inches,  and  fractions  of  an  inch,  from  the  eye,  looks  as 
broad  as  the  great  picture  so  many  feet  oflE.  For  a  second 
illustration,  hold  the  sixpence  steadily  in  front  of  the  eye, 
about  six  or  eight  inches  ofi*,  and  let  some  one  else  stand  by 
the  wall  and  make  a  mark  corresponding  with  the  circular 
space  the  sixpence  hides.  In  this  case  the  great  circle,  so 
many  feet  or  yards  off',  is  equivalent  to  the  little  sixpence  at 
six  or  eight  inches  off.  In  the  instance  of  the  image  reflected 
by  the  neutral  tint  glass  used  with  the  microscope  the  pencil 
was  employed  to  trace  out  an  outline  that  would  be  equivalent 
to  the  reflected  image  seen  much  closer,  and  in  Mr.  Brown's 
enlarged  ghosts,  the  optical  image  takes  the  size  of  his  plates, 
as  they  appear  at  a  convenient  distance  from  the  eye,  but  they 
seem  as  big  as  they  would  look  if  drawn  on  a  larger  scale  on 
the  wall  on  which  they  are  fancied  to  appear. 
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In  our  number  for  May,  1863,  we  gave  a  beautiful  view  of  an 
enormous  sculptured  monolith  from  the  pre-incarial  ruins  of 
Tia  Huanaco  in  Bolivia,  formerly  Upper  Peru,  accompanied 
by  a  paper,  in  which  Mr.  Bollaert  collected  together  the 
very  Httle  that  is  known  concerning  this  kind  of  work. 
The  whole  subject  of  American  antiquities  is  under  a  dense 
cloud.  We  can  only  make  rude  guesses  concerning  the 
dates  of  the  remarkable  remains,  or  of  the  extinct  and  for- 
gotten people  by  whom  they  were  executed.  It  is  how- 
ever of  importance  that  accurate  representations  should 
be  preserved  of  the  principal  objects  of  interest,  and  for  this 
purpose  photography  is  of  great  value,  and  fortunately  admits 
of  reproduction  at  a  very  moderate  price.  The  Tia  Huanaco 
ruins  form  a  portion  of  numerous  works,  extending  over  a  con- 
siderable geographical  area^  and  all  bearing  evidence  of  having 
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been  produced  under  similar  conditions  of  knowledge,  senti- 
ment, and  skill.  They  certainly  could  not  have  belonged  to  a 
barbarous  age,  because  they  evince  a  considerable  command  of 
meclianical  powers,  and  sbow  an  advanced  tbougb  highly  con- 
ventional style  of  art. 

Messrs.  Smitb,  Beck,  and  Beck  have  recently  made  a 
valuable  addition  to  the  means  of  study  at  tbe  disposal  of 
archaeologists,  by  pubUsliing  a  highly  interesting  series  of 
stereoscopic  sdides,  from  photographis  taken  by  Mr.  Albert  Sal- 
vin,  of  the  ruins  of  Oopan,  Honduras.  They  comprise  richly 
sculptured  stones,  that  no  doubt  formed  portions  of  consider- 
able buildings,  bearing  in  their  hieroglyphic  ornamentation  a 
strong  likeness  to  our  Tia  Huanaco  plate.  A  careful  inspection 
of  tbe  series  will  show  thiat  the  artistic  skill  possessed  by  the 
unknown  workers  in  an  unknown  age  was  very  considerable ; 
and  we  cannot  doubt  that  some  system  of  mythology,  and  some 
facts  of  curious  history  lie  hid  in  allegorical  representations^ 
which  we  have  no  key  to  unlock. 

Mr.  Salvin's  series  of  shdes  are  well  worth  study,  and 
though  we  are  not  disposed  to  waste  time  in  mere  conjectures^ 
we  cannot  relinquish  the  hope  that  the  clue  to  this  American 
mystery  may  yet  be  found  out.  We  shall  not  attempt  a 
detailed  description  of  these  remarkable  objects;  but  they 
all  belong  to  the  Tia  Huanaco  type ;  and  we  agree  with  Mr. 
Salvin  in  considering  that  they  were  associated  with  the 
mythology  of  the  people  by  whom  they  were  wrought.  The 
stone  in  which  they  are  executed,  is  a  close-grain  porphyry,  and 
the  preservation  of  the  sculpture  has  enabled  the  photographic 
apparatus  to  produce  excellent  and  highly  interesting  copies, 
on  which  the  labours  of  the  archaaologist  may  not  be  exerted 
in  vain. 

No.  7  of  the  series  represents  a  very  remarkable  monolith, 
12  feet  high.  A  face,  powerfully  sculptured  upon  it,  looks 
much  more  like  a  portrait  than  a  conventional  figure;  the 
features  bear  some  resemblance  to  the  Mongolian  type.  No. 
20  is  an  admirable,  though  conventional,  jaguar's  head, 
equalling  in  force  of  expression  any  analogous  European 
work.  No.  13  is  a  circular  stone,  supposed  to  be  sacrificial. 
It  has  a  rounded  sur&ce,  and  a  border  of  twisted  or  cable 
pattern.  There  are  in  all  twenty-four  slides,  accompanied  by 
a  descriptive  pamphlet. 
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WE  NBVEE  SEE  THE  BTAHS. 

Taeb  a  man  oat  into  the  fields  on  a  calm^  quiet  nigkt^  when  the 
moon  is  absent^  the  air  clear^  and  as  he  looks  upward^  the  "  floor 
of  heaven'^  seems  '^  inlaid  with  patines  of  bright  gold/'  Let 
him  see  Yega  beaming  with  steady  lustre,  Hke  a  benevolent 
sapphire  eye  keeping  watch  over  the  world;  Gapella  fitfully 
flashing;  the  Bear  careering  round  the  silent  pole;  Orion  with 
his  diamond  belt ;  and  Sirius  blazing  in  such  splendour  as  to 
vindicate  his  title  as  ^^  the  leader  of  the  host  of  heaven/'  and 
leave  no  wonder  that  the  old  Egyptians  worshipped  him  as  a 
sacred  orb,  and  formed  the  sloping  sides  of  their  pyramids 
that  his  beams  should  fall  straight  and  full  upon  them  when  he 
reached  his  highest  point  in  the  skies  that  over-arched  their 
wondrous  land.  Let  our  observer  gaze  steadily  as  the 
smaller  stars  come  out  firom  their  homes  in  thd  deep  unfathom- 
able blue,  until,  between  what  the  eye  sees,  and  what  the  mind 
imagines,  the  broad  fields  of  space  are  all  alive  with  light,  and, 
finom  every  point  of  the  compass,  stars  innumerable  seem  to 
gleam.  When  the  eye  has  thus  been  filled  with  brightness,  we 
could  scarcely  make  a  more  starthng  assertion  than  is  conveyed 
in  the  words,  '^  we  never  see  the  stars,''  and  yet  no  statement 
can  be  more  true.  What  then,  do  we  see?  The  answer  is,  we 
see  certain  rays  of  light  which,  in  popular  phraseology,  left  the 
celestial  orbs  some  time  ago :  years  ago  we  know  in  some  in- 
stances, centuries  perhaps  in  others,  and  thousands  of  years,  it 
may  be,  in  still  other  cases,  and  possibly  millions  might  be 
required  to  state  the  time  at  which,  in  the  remote  past,  that 
force  was  exercised,  or  vibration  excited,  by  which  we  recognize 
the  existence  of  the  most  distant  of  those  suns  whose  beams 
are  able  to  afiect  our  sight.  The  nearest  star  is,  however,  too 
far  off  for  his  light-rays  to  bring  to  us  a  picture  of  his  face.  Li 
the  moon  we  see,  with  the  unaided  eye,  certain  indications  of 
the  form  and  character  of  the  surface  of  our  sateUite.  In  the 
planets,  minute  discs,  in  which  all  features  have  vanished,  pro- 
claim by  the  low  power  that  makes  them  distinctly  visible,  com- 
parative nearness  to  ourselves ;  but  of  the  stars  another  story 
must  b^  told.  They  are  not  Uke  the  moon,  partly  decipherable 
by  the  unassisted  eye ;  not  like  the  planets,  surrendering  more 
or  less  of  the  secret  of  their  form  to  the  glasses  of  the  telescope — 
they  defy  aUke  the  eye  of  the  mortal,  and  the  grandest  optical 
machinery  which  he  has  been  able  to  invent.  They  do  indeed, 
in  fine  weather,  look  like  small  regular  discs  in  a  telescope,  but 
increasing  the  power  of  the  eye-piece  does  not  enlarge  their 
apparent  diameters  as  it  does  that  of  nearer  objects,  and  in  the 
most  perfect  instruments  they  look  the  least.    We  see  their 
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lustre^  we  note  the  colour  of  their  light ;  Betelguese  is  a  topaz, 
Bigel  more  of  a  sapphire^  Antares  isflushed^and  flashes  withblood 
red;  and  when  the  telescope  has  separated  the  so-called  "  double 
stars,^'  we  have  contrasts  of  green,  orange,  blue,  white,  grejr, 
etc.,  as  Mr.  Webb's  admirable  papers  tell ;  but  whether  their 
surfaces  are  rugged  and  mountainous,  smooth,  with  plains  or 
seas,  diversified  in  outline,  or  monotonous  in  uniformity,  we  can 
only  guess ;  for,  in  spite  of  all  our  efforts,  we  never  see  the  stars. 

Ordinary  objects  reveal  to  us  their  forms  by  the  effects  of 
light,  shade,  and  colour.  They  shine  with  borrowed,  and  often 
with  feebly  reflected  light,  so  that  by  walking  away,  we  soon  lose 
sight  of  them  altogether.  Objects  that  are  more  luminous  and 
brighter,  show  their  forms  at  greater  distances,  and  we  often 
see  things  negatively  that  would  be  unnoticed  by  their  positive 
effect.  Thus  a  thin  rod  against  a  clear  sky  is  seen  a  long  way  off, 
because  we  are  conscious  that  the  sky  brightness  is,  as  it  were, 
cut  through  by  some  dark  thread.  But  we  may  pass  from  all 
those  cases  in  which  light  comes  to  us  as  a  revealer  of  form,  to 
others,  in  which  it  says,  ^^  I  am  light,''  and  nothing  more. 

All  '^Intellectual  Observers"  know  Longfellow's  exquisite 
poem  beginning — 

"  The  day  is  done,  and  the  darkness 
Falls  from  the  wings  of  light, 
As  a  feather  is  wailed  downward 
From  an  eagle  in  its  flight  :*' 

and  as  they  repeat  the  last  two  lines — 

«  We  see  the  lishts  of  the  yUIage 
Gleam  througn  the  rain  and  the  mist," 

they  will  recall  an  experience  common  to  all  travellers,  the 
memory  of  which  may  bring  with  it  either  '^  a  feeling  of  sadness 
which  the  soul  cannot  resist,"  or  pleasing  associations  to  which 
the  affections  cling.  These  "lights  of  the  village"  may  help  to 
teach  us  why  "  we  never  see  the  stars."  They  come  to  us  Uke 
good  angels  across  the  moor,  or  fen,  but  their  faces  are  hidden 
from  our  distant  gaze.  We  do  not  see  the  lamp  or  candle  from 
which  they  emanate  until  we  are  close  to  it,  sJthough  we  may 
know  what  it  is,  and  exclaim  with  Portia  : 

**  How  hx  that  little  candle  throws  its  beams ! 
So  shines  a  good  deed  in  a  naughty  world." 

Unless  we  are  tolerably  near  we  do  not  even  see  the  shape 
of  the  flame,  and  as  soon  as  we  have  lost  that  shape,  it  is,  on  a 
small  scale,  an  imitation  of  the  distant  stars. 

The  distance  at  which  objects  become  invisible,  although 
their  light  is  still  seen,  varies  with  different  eyes.  Without  Ught 
no  man  sees ;  but  some  men  see  with  less  light  and  much  fur- 
ther than  others,  and  long  after  the  longest  sighted  man  has  lost 
all  perception  of  bodily  shape,  the  hawk  tribe  appear  to  see  it 
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acutely,  so  that  Tennyson  was  a  true  exponent  of  nature  when 
he  depicted  the  eagle  in  his  home^ 

**  He  diisps  the  orag  with  hooked  haodB : 
Close  to  the  sun  in  lonely  lands, 
Bing'd  with  the  asnre  world  he  stands. 

**  The  wrinkled  sea  heneath  him  crawls ; 
He  watches  from  his  mountain  walls, 
And  like  a  thunderbolt  he  falls." 

When  the  sea  waves  are  dwindled  down  to  wrinkles  by  their 
distance,  the  king  of  birds  still  perceives  upon  their  shore, 
objects  that  would  be  quite  invisible  to  man ;  but  there  is  no 
reason  to  believe  that  even  the  eye  of  the  eagle  has  ever 
"  seen  the  stars/'  The  bird,  however,  may  teach  us  that  with 
perfect  visual  organs,  remoteness  would  not  prevent  the  dis- 
covery of  form,  but  merely  reduce  its  apparent  size. 

A  distant  body  must  have  a  certain  magnitude,  in  order 
that  its  shape  may  be  visible  to  any  eye,  with  any  particular 
instrument.  The  larger  the  body,  the  greater  the  distance  at 
which  its  shape  can  be  seen,  under  similar  and  proportionate 
illumination,  but  as  the  distance  increases,  the  apparent  size  of 
any  body  is  rapidly  reduced,  in  conformity  with  a  weU-known 
physical  law,  so  that  the  mightiest  celestial  orbs  may  dwindle 
through  remoteness  to  the  merest  specks  of  light  which  the 
eye  can  discern,  and  by  still  further  remoteness,  completely 
elude  the  power  of  the  largest  telescope.* 

We  know  that  the  sun's  diameter  is,  according  to  the  best 
calculations,  850,100  miles,  and  his  distance,  by  recent  deter- 
mination, about  91,328,600  miles,  nearly  four  hundred  times  that 
of  the  moon.  Now  the  enormous  face  of  the  sun,  more  than  one 
hundred  times  broader  than  that  of  our  earth,  is  eclipsed  by  a 
pin's  head  held  near  the  eye,  and  it  only  appears  the  size  of  a 
very  small  disc  held  a  foot  off.  Could  we  pass  from  our  present 
abode  to  the  more  distant  planets  of  the  solar  system,  the 
great  luminary  would  become  smaller  and  smaller  in  appear- 
ance ;  and  from  Neptune,  ^'  30^  times  the  mean  distance  of  the 
earth  from  the  sun,"t  it  would  look  like  a  mere  point  of  light 
that  would  require  considerable  magxufying  to  raise  into  a  disc. 
Mr.  Breen  tells  us  that  with  a  power  of  150  we  can  see 
the  appearance  of  a  disc  in  Neptune  "  if  we  consider  it  atten- 
tively," and  the  body  which  thus  requires  enlarging  to  the 
extent  of    150   diameters,   or  22,500  times    superficially,  in 

/ 

*  An  easy  mode  of  illostratiDg  these  facts,  is  to  cat  a  disc,  one  inch  in  diameter, 
and  a  triangle  ^with  each  side  equal  to  the  diameter  of  the  cirde]),  of  white  paper ; 
stick  them  agamst  a  wall,  and  walk  backwards  tmtil  the  eye  fails  to  see  wnioh  is 
the  circle  and  which  is  the  triangle,  although  two  patches  of  white  light  will  still 
be  discerned. 

t  BreeD^BPlanetary  World*,  page  248. 
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order  to  be  Been  at  all,  is  108  times  as  big  as  our  eartb  ;*  its 
diameter  is  35,000  miles,  that  of  tbe  earth  being  7912  miles. 

Under  ordinary  circmnstances  we  do  not,  without  magnify- 
ing them,  see  the  real  discs  of  the  great  planets,  otherwise  we 
should  need  no  telescope  to  teach  us  that  Yenus  goes  through 
phases  like  the  moon.f  When  Venus  is  favourably  situated 
she  is  a  highly  lustrous  body,  that  looks  the  same  shape  as 
Jupiter,  but  if  the  telescope  be  directed  to  both,  one  shows  a 
round  face,  and  the  other  may  appear  as  a  thin  crescent  of 
most  glorious  light.  Although  the  planets  are  too  fiir  oflF  to 
exhibit  real  discs  to  the  naked  eye,  still  their  being  so  near  in 
proportion  to  their  size  is  one  reason  why  they  shine  with  a 
steckdier  light,  and  do  not  twinkle  like  the  stars.  Humboldt 
and  others  thought  that  when  light,  from  one  portion  of  their 
discs,  was  for  a  moment  intercepted  and  then  permitted  to 
pass  through  the  air,  they  did  not  flicker  like  stars,  because 
light  from  other  portions  of  their  discs  filled  up  the  vacancy 
that  was  occasioned,  and  kept  their  lustre  stcidily  in  view. 
This  cannot  be  the  entire  reason  of  stellar  scintillation,  as  some 
stars  do  it  much  more  than  others ;  but  whatever  action  such 
discs  may  have,  it  must  lessen,  and  finally  vanish  as  their 
distance  is  increased ;  and  we  must  not  forget  that  Neptune, 
the  remotest  known  member  of  our  system,  aldiougli 
2,864,000,000  miles  from  the  sun,  is  near  him,  and  near  us, 
when  compared  with  the  nearest  of  the  stars. 

Spectrum  analysis  bids  fair  to  teach  us  what  the  stars  are 
made  of,  and  we  may  learn  more  and  more  of  their  wondrous 
ways.  Still  we  may  never  behold  their  &ces,  nor  our  descendants 
after  us,  to  the  end  of  time.  We  place,  however,  no  limits  to 
the  future  possibilities  of  science,  but  the  present  generation 
of  men,  and  their  long  posterity  after  them,  may  be  compelled  to 
wait  for  immortal  vision  before  they  will  really  see  the  stars, 

*  The  dimensions  and  distance  of  Neptune,  and  other  planets,  will  hare  to  be 
Tensed,  to  meet  the  present  liews  of  the  sice  and  distance  of  the  sun,  hat  this  will 
make  no  difference  in  the  argument. 

t  This  remark  is  generally  true.  Had  it  been  otherwise  it  would  not  have 
been  neceseaiy  to  wait  for  GhJileo  with  his  telescope,  in  order  to  leam  the  fact  that 
Yenns  exhibits  phases  like  the  moon.  Mr.  Webb,  in  his  excellent  woi^  Celesiial 
Ohjeeit  for  Common  Teletoopw,  says,  speak^g  of  Venus  when  near  the 
earth  and  exhibiting  a  sharp  and  tbin  form : — "This  crescent  has  been  seen  even 
with  the  naked  eye  m  tiie  sky  of  Chili,  and  with  a  dark  glass  in  Persia.*'  Diffi- 
cult objects  become  more  visible  when  the  mind  knows  exactly  what  the  eye  ought 
to  see,  and  the  eye  is  practised  in  looking  for  it.  An  easy  experiment  will 
illustrate  this.  Let  any  one  not  accustomed  to  it,  look  for  €  Lyrs,  which  to  the 
naked  eye  lies  close  to  Yega.  The  first  night  of  the  attempt  the  small  star  may 
not  be  distinguished,  aftemrards  it  will  become  plainer,  and  if  it  is  looked  at  fifty 
or  one  hundred  times  in  the  coarse  of  a  month  or  two,  it  will  seem  to  have  moved 
further  ofi^  and  the  observer  will  wonder  why  the  separation  did  not  strike  him  at 
first*  A  similar  apparent  increase  of  distance  takes  place  by  continued  observa- 
tion of  dose  douUe  stars  through  a  telesoope. 
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GREEN  ICE. 

BY  HBNBT  J.   SIACK^   V.Q.SLj 
Member  of  the  Uicroecopical  Sooietjr  of  London. 

• 

It  is  sometimes  worfcli  while  to  remark  upon  a  subject  that  may- 
appear  common-place^  and  I  am  induced  to  say  a  few  words 
upon  the  often-noticed   phenomenon  of  ice    being  coloured 
green  by  its  enclosing  confervoid  vegetation,  simply  upon  the 
ground  that  as  it  has  lately  interested  me,  it  may  interest  other 
constant  readers  of  the  Littslleotual  Obse&vsb.     During  the 
severe  frost  of  January,  I  was  walking,  on  a  clear  sunny  day, 
in  company  with  a  friend,  when  oar  attention  was  drawn  to 
the  brilliant  green  tint  of  sundry  masses  of  ice  scattered  over 
the  frozen  surface  and  about  the  margin  of  a  pond,   on  the 
Lower  Heath,  Hampstead,  near  the  queer  looking  edifice  dedi- 
cated to  the  water  gods  of  the  place.    A  man  was  amusing 
himself  with  a  pickaxe  breaking  up  the  ice  near  one  end  of  the 
pond,  and  scattering  the  fragments  about  him.      Some  he  sent 
whizzing  along  the  frozen  water,  and  its  surface  was  soon 
variegated  by  masses  that  gleamed  with  a  beautiftQ  beryl  tint. 
Taking  tip  some  of  these  pieces  I  was  struck  with  the  small 
quantity  of  green  matter  that  sufficed  to  tinge  a  considerable 
block,  and  as  the  cold  was  intense,  I  put  a  fragment  in  the 
pocket  of  a  large  great  coat,  just  wrapped  in  a  piece  of  paper, 
and  thus  carried  it  home  nearly  dry.     Placed  in  a  white  por- 
celain vessel  in  my  study  it  soon  thawed,  and  at  the  bottom  of 
the  water  was  a  little  green  stuff,  which  microscopic  examination 
showed  to  consist  of  a  minute  oscillatoria,  and  some  other 
conferva  of  which  I  don^t  know  the  name.     These  little  plants 
seemed  quite  alive,  as  a  high  power  detected  no  sign  of  decay 
in  their  bluish  green  chlorophyll ;  but  their  life  processes  must 
have  been  comparatively  quiescent,  as  they  remained  for  some 
days  at  the  bottom  of  the  vessel.     Had  they  been  active  I  pre- 
sume they  would  have  evolved  enough  air-bubbles  to  have 
caused  them  to  float.    A  few  days  afterwards  I  went  for  a  fresh 
supply,  and  found  every  piece  of  ice  I  examined  very  irregular 
in  structure,  and  full  of  cavities  I  took  for  air-bubbles.      A 
pocket  lens  showed  the  parallel  planes  of  freezing  very  prettily, 
but  did  not  detect  any    cavities  round  the    conferva,  which 
was  disposed  in  minute  tufts — ^not  at  all  close  together.    I  did 
not  in  any  case  see  any  conferva  in  an  air-bubble,  or  any  dis- 
tinct air  bubble  att£kched  to  a  conferva.     Some  masses  of  ice  of 
an  intense  beryl  green  were  broken  with  a  hammer,  and  it 
was  curious  to  remark  how  very  small  a  quantity  of  the  vege- 
table matter,  distributed  as  I  have  described,  tinged  the  whole 
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mass.  '  The  colour  rapidly  diminished  as  the  Inmps  were 
reduced  in  size^  and  fragments  an  inch  or  two  square  only 
showed  the  tint  where  the  little  patches  of  conyerva  actuaUy 
occurred.  In  some  instances  the  vegetation  was  somewhat 
more  plentiful^  and  then  the  ice  had  to  be  reduced  to  still 
smaller  pieces  before  the  green  hue  disappeared. 

I  brought  home  several  fragments  of  the  ice  in  a  bottle, 
but  as  the  weather  was  not  so  cold  as  on  the  former  occasion, 
about  one  third  melted  as  I  came  along^  and  probably  the  con- 
dition of  the  solid  masses  was  changed.  Small  pieces  were 
placed  on  a  strip  of  glass  on  the  stage  of  the  microscope^  and 
examined  with  a  three-inch  object-glass^  the  light  being  thrown 
up  strongly  by  means  of  the  concave  mirror.  Under  these 
circumstances  the  ice  appeared  anything  but  homogeneous. 
There  were  lots  of  bubbles^  and  a  great  confiision  of  optical 
surfaces^  bounding  portions  of  different  density^  and  portions 
to  which  the  crystalline  structure  gave  a  difference  of  refractive 
power.  The  conferva  seemed  closely  surrounded  by  unfrozen 
water,  and  here  and  there  a  little  air-bubble  appeared,  touching 
the  delicate  green  threads.  Was  the  conferva  left  in  a  little 
water-drop  when  the  gelation  took  place,  or,  when  thawing 
began,  did  it  take  place  first  round  the  delicate  plants  ? 

In  his  Heat  Considered  as  a  Mode  of  MoUon,  p.  3i8,  Pro- 
fessor Tyndal  gives  a  very  interesting  account  of  little  water 
chambers,  with  air-bubbles  in  them,  which  he  found  in  Norway 
ice,  and  he  proved  that  they  had  been  occasioned  by  melting 
minute  portions  of  the  block.  "If,'^  said  he,  "the  Hquid  is 
the  product  of  melted  ice,  its  volume  must  be  less  than  that 
of  the  ice  that  produced  it,  and  the  associated  air-bubble  must 
consist  of  rarified  air."  To  test  this,  he  melted  some  of  the  ice 
in  warm  water,  and  found  the  air-bubbles  shrink  in  volume  at 
the  moment  the  surrounding  ice  was  melted.  In  another  expe- 
riment he  placed  a  portion  of  ice  in  a  freezing  mixture,  and 
froze  the  water-blebs.  The  ice  thus  treated  "  was  immediately 
placed  in  a  dark  room,  where  no  radiant  heat  could  possibly 
affect  it,  and  examined  every  quarter  of  an  hour.  The  dim 
frozen  spots  gradually  broke  up  into  little  water  parcels, 
and  in  two  hours  the  water-blebs  were  perfectly  restored  in 

the   centre  of  the  slab  of  ice Hence   no    doubt  can 

remain  as  to  the  possibiUty  of  effecting  liquefaction  in  the 
interior  of  a  mass  of  ice  by  heat  which  has  passed  by  conduction 
through  the  substance  without  melting  it."  Thus  the  existence 
of  water-blebs  in  ice  does  not  prove  that  they  consist  of  water 
left  unfrozen  when  gelation  took  place ;  and  I  am  disposed  to 
think  that  the  conferva  threads  were,  as  they  looked  under  a 
hand-magnifier  of  low  power,  closely  surrounded  by  frozen 
water,  but  not  frozen  themselves,  because  their  cell  contents 
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may  demand^  in  order  to  be  frozen,  a  somewhat  lower  tempe- 
rature than  tliat  in  whicli  the  water  solidifies.  When  the  mass 
of  ice  became  warmer,  and  its  outside  was  actively  thawing,  I 
imagine  the  conducted  heat  was  arrested  by  the  conferva, 
and  thus  the  water-blebs  round  it  gradually  formed.  If  this 
were  the  case,  the  minutes  air-bubble  which  I  saw  in  some  in- 
stances attached  to  the  conferva,  should  have  collapsed  as  the 
ice  surrounding  it  thawed.  I  had  not  the  means  of  ascer- 
taining this,  but  the  escape  of  the  larger  air-bubbles  was  a 
pretty  sight  when  a  lump  of  the  ice  was  placed  in  a  tumbler  of 
warm  water,  and  the  melting  process  watched  imder  a  lens. 

I  believe  Bhrenberg  ascribed  the  escape  of  animalcules  from 
being  frozen  to  death  when  the  water  in  which  they  lived  con- 
gealed, to  the  action  of  their  vital  heat ;  but  it  seems  to  me 
more  probable  that  they  escaped  because  their  vital  fluids  dif- 
fered sufficiently  from  water  to  freeze  at  a  lower  temperature. 
Professor  Tyndal,  in  the  work  cited,  observes  that  there  "  seems 
no  such  thing  as  perfect  homogeneity  in  nature.  Change  com- 
mences at  distinct  centres,  instead  of  being  uniformly  and  con- 

.  tinuously  distributed The  melting  temperature  of  ice 

is  set  down  at  32"  F.,  but  the  absence  of  perfect  homogeneity, 
whether  from  diflferance  of  crystalline  texture,  or  some  other 
cause,  makes  the  melting  temperature  oscillate  to  a  slight 
extent  on  both  sides  of  the  ordinary  standard.^'  It  maybe  that 
slight  variations  from  that  uniformity  of  condition  which  is 
described  by  the  term  "  homogeneous,^^  causes  some  particles 
of  water  to  freeze  quicker  than  others;  and  if  so,  we  may 
imagine  how  slight  a  divergence  in  the  molecular  condition  or 
composition  of  a  fluid,  from  the  condition  and  composition  of 
water,  may  enable  the  Uquid  contents  of  a  plant  or  animal  to 
retain  their  fluidity  when  the  water  in  which  they  are  immersed 
takes  the  soUd  form. 

The  question  of  why  so  little  green  stuff  deposited  in  patches 
considerably  distant  from  each  other,  gave  so  deep  a  tint  to 
the  ice  of  my  experiments,  may  perhaps  be  answered  by  reference 
to  its  heterogeneous  structure.  There  must  not  only  have  been 
refractions  but  also  reflexions  in  all  sorts  of  directions,  from 
crystalline  surfaces  in  various  planes.  Thus  I  conceive  the 
effect  of  a  very  little  green  stuff  was  made  to  go  a  great  way. 
The  explanation  may  not  be  correct,  but  I  can  think  of  no 
better,  and  perhaps  the  remarks  I  have  thrown  together  may 
suggest  observations  and  experiments  to  others,  who  may 
witness  appearances  of  the  same  or  a  similar  kind. 


&4  Cltuten  and  Nebulae. 


CLUSTBES  AOT)  NEBULA.  —  DOUBLE  STAR.— 
GREAT  NEBULA  IN  ORION.  —  COMPARISON  OP 
SUN  AND  STARS.— OCCULTATION. 

BT  THE  RirV.  T.  W.   WEBB^   X.A.^  F.B^.8. 

8.  The  Oreat  Clusternear  Propiis,  alias  35  M.  Prifpus  is  the 
name  given  by  the  ancients  to  a  small  star,  precediag  the  foot 
of  the  Twin,  Castor,  as  its  meaning  implies,  whose  present 
appearance  is  so  far  from  warranting  any  special  designation 
that  one  might  snppose  it  had  declined  in  brightness.  It  may 
be  found  thus : — ^A  line  from  f  Taiari  to  Pollux  will  be  nearly 
bisected  by  a  considerable  3  mag.  star,  e  Geminorum,  Between 
^  and  €  will  be  seen  three  others,  which  form  a  line  pointing 
np.  The  uppermost  and  smallest,  5  mag.,  is  Proptis,  alias  1 
Oeminorum  in  Flamsteed's  nomenclature,  being  the  first  star  of 
that  constellation  as  to  right  ascension  comprised  in  his  cata- 
logue. A  little  nf  from  this  star  the  naked  eye  perceives  a 
faint  white  cloud,  a  nebula  proper,  unnoticed  however  by  the 
ancients,  though  they  called  the  head  of  Orion  "  stella  nebu- 
losa,"  and  discovered  by  Messier  in  1 764.  The  finder  shows  us 
a  starry  nebula,  which  in  the  telescope  is  expanded  into  what 
Smyth  calls  a  gorgeous  field  of  stars,  from  9  to  16  mags.,  less 
rich  in  the  centre,  with  a  tendency  to  curved  arrangement.  It 
is  thus  described  by  Lassell,  as  viewed  with  his  24-inch  specu- 
lum, in  the  Maltese  sky,  1852  : — "  A  marvellously  striking 
object.  No  one  can  see  it  for  the  first  time  without  an  excla- 
mation. Power  160;  the  field  of  view  19'  in  diameter,  and 
angular  subtense'^  (or apparent  extent),  '^  ^^k\  is  perfectly  full 
of  brilliant  stars,  unusually  equal  in  magnitude  and  distribution 
over  the  whole  area.  Nothing  but  a  sight  of  the  object  itself 
can  convey  an  adequate  idea  of  its  exquisite  beauty.  The  bril- 
liancy and  concentration  of  the  stellar  points  and  the  blackness 
of  the  ground  cannot  otherwise  be  shown  in  their  just  con- 
trast.^^  The  possessors  of  smaller  apertures  must  of  course  not 
expect  to  witness  such  a  spectacle ;  yet  it  is  a  noble  object  in 
any  telescope.  To  do  justice  to  its  wide  extent  we  must  em- 
ploy a  very  low  power ;  but  a  higher  one  will  best  bring  out 
its  finest  feature,  a  slightly  curved  arc  or  festoon  of  stars,  de- 
pending, when  inverted,  and  in  the  eastern  sky,  from  a  larger 
one  at  each  end.  The  chord  of  this  arc,  which  lies  nf  and  8  p, 
continued  for  three  or  four  times  its  length  in  the  latter  direc- 
tion, will  point  out  a  small  faint  nebula  among  the  outliers  of 
the  great  cluster,  unnoticed  in  the  Bedford  Catalogue,  but 
entered  iu  that  of  Sir  W.  Herschel,  where  it  is  1 7,  VI. ;  and  in 
that  of  Sir  J.  Herschel,  who  numbers  it  375,  and  calls  it  "  rich^ 
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middle  compressed  almost  to  nebulosity^  stars  very  small^  irre* 
gnlar  triangular  figure/^  I  found  it  visible  with  a  comet-power 
of29y  and  resolved  into  stars  with  164^  having  then  somewhat 
of  the  aspect  that  its  brilliant  neighbour  has  in  the  finder.* 
There  is  something  very  striking  in  the  juxtaposition  of  these 
two  objects ;  the  one  viewed,  at  an  inconceivably  greater  re- 
moteness, as  it  would  seem,  through  the  straggHng  component's 
of  the  other,  but  both,  perhaps,  of  similar  constitution  and 
arrangement.  The  earUer  ideas  of  Herschel  I.  as  to  the  con- 
struction of  the  heavens  would  have  led  us  to  suppose  that  if 
we  could  travel  with  the  velocity  of  light  to  the  nearer  of  these 
clusters,  we  might  still  find  the  second  no  larger  or  brighter 
than  the  first  now  appears  to  us,  while  our  own  sun  behind  us,  and 
all  his  attendant  system,  had  faded  into  one  of  those  minute 
points,  whose  aggregation  alone  renders  them  perceptible  to 
the  unaided  eye.  But  fiirther  discoveries  have  thrown  doubt 
upon  these  speculations,  which,  however  magnificent,  were 
premature ;  and  we  are  now  obliged  to  admit  that  with  regard 
to  absolute  and  relative  distances  in  the  starry  heavens  our  data 
are  few, — our  fiilly  reUable  ones  fewer  still. 

The  neighbourhood  of  these  clusters  is  rich  and  beautiful, 
being  a  portion  of  the  galaxy.  Propvs  itself,  a  yellow  star,  is 
closely  preceded  by  a  pretty  9  or  10  mag.  triplet,  combined 
with  still  smaller  points ;  some  way  further  in  the  same  direc- 
tion is  an  interesting  group,  and  n  of  this  latter  a  fine  open 
pair,  about  7  and  7  J  mag.  rf  Geminorum,  an  orange  star,  the 
next  visible  to  the  naked  eye  sf  Propus,  will  guide  us  to  a  very 
remarkable  coloured  star,  less  than  1"  n  p.  It  is  6  Tauri, 
marked  6  mag.  in  the  S.  D.  U.  K.  maps,  but  very  small  for  that 
class;  its  fiery  red  hue,  like  that  of  Antares  upon  a  small 
scale,  makes  it  an  interesting  object. 

If  we  now  pass  up  the  galaxy  a  considerable  distance  from 
this  region,  we  shall  find,  in  an  extended  portion  of  it  before 
we  reaich  the  bright  star  Gapella,  three  clusters  worthy  of  a 
search,  which,  however,  must  be  the  more  careful  as  they 
are  not  in  distinctly  marked  positions.  We  must  first  draw  a 
line  from  Aldebaran  through  /8  Tav/ri,  and  then  bend  it  a  little 
northwards,  in  the  direction  of  Oapella ;  this  vnll  point  out  6 

*  It  should  be  noticed  that  these  two  objects,  35  M,  and  17  ]^  VI,  though  not 
their  designations,  hare  changed  places  in  the  laiger  maps  of  the  S.  D.  XT.  K.,  which 
are,  genexally  spealdng,  very  free  from  error.  While  correcting  the  mistakes  of 
others,  I  would  beg  permission  to  do  the  same  hj  my  own.  I  hare  snbsequentiy 
ascertained  that  the  aperture  of  the  Greenwich  ob|ect*gla«s,  referred  to  in  the 
Ko.  for  December,  1S6^  p.  874,  is  llf  instead  of  12}  inches ;  and  in  the  descrip- 
tion of  the  great  Nebula  in  Andromeda,  published  in  our  number  for  December 
last^  p.  349,  where  it  is  stated  thai  no  confirmation  of  the  stellar  symptoms  showed 
bj  the  Earl  of  Bosse's  3-feet  speculum  was  known  to  haye  been  obtained  with  the 
larger  reflector,  it  shocdd  hare  been  added,  that  in  this  instrument  the  nudeufl  has 
thi^  granular  appearance  which  indicates  resolvabilify. 
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AurigcB,  a  solitary  4  mag.  star^  in  a  conspicuous  position^  just 
across  the  galaxy.  Bather  more  than  half  way  &om  /3  Tawri 
to  0  Aurigw,  and  a  little  below  the  line  joining  them^  we  must 
sweep  about  for — 

9.  37  M.  {Aurigcd).  A  cluster  which  will  appear  as  a 
nebula  in  the  finder,  and  in  a  low  power  eye-piece  will  open 
out  into  a  beautiful  irregularly  circular  cloud  of  minute  stars 
of  various  magnitudes,  melting  away  on  every  side  into  the 
surrounding  galaxy.  Long  gazing  seems  to  bring  out  more 
perfectly  the  exceeding  beauty  of  this  glorious  work  of  the 
Creator.  It  also  bears  higher  powers  well,  with  which  it  oc- 
cupies the  field.  Smyth  truly  describes  it  as  a  magnificent  object, 
the  whole  field  being  strewed  with  sparkling  gold  dust,  and  the 
group  resolved  into  about  500  stars,  from  10  to  14  mag., 
besides  the  outliers.  He  does  not,  however,  mention  a  brighter 
star  pointed  out  by  Knott  in  a  conspicuous  position  near  the 
centre  of  the  cluster.  It  is  probably,  as  the  latter  says,  an 
illustration  of  the  fact,  that  what  strikes  one  person  does  not 
strike  another. 

As  much  above  as  we  have  been  looking  below  the  line 
joining  /8  Tauri  and  ^  Aurigce,  and  not  far  &om  our  last  object, 
a  little  sweeping  will  bring  a  luminous  cloud  into  the  field  of 
the  finder,  which  is— 

10.  36*  M.  {AurigoB).  A  large,  bright,  scattered  cluster,  8' 
to  14  mags.,  contaioing  a  double  star,  368  H,  12",  308*7,  8 
and  9,  both  white. 

If  we  place  this  object  at  the  bottom  of  the  field  of  the 
finder,  we  shall  (if  it  is  of  an  ordinary  extent)  perceive 
another  less  prominent  nebulosity  n  p.    ThLs  is 

11.  38  M.  {AurigoB).  Described  by  Smyth  as  a  rich  cluster, 
of  an  oblique  cruciform  shape,  with  a  pair  of  large  stars  in  each 
arm,  and  a  conspicuous  single  one  in  the  centre.  It  is  best 
seen  with  a  low  power,  and  melts  away  into  the  surrounding 
galaxy.  The  neighbourhood  is  magnificent.  A  little  «  is  a 
small  cluster,  39  §  VII,  alias  354  H.,  who  calls  it  pretty  rich, 
counting  in  it  50  or  60  stars,  9  to  12  mag. :  such  was  the 
working  of  his  18-inch  speculum  on  this  comparatively  feeble 
and  vem<M  aggregation. 

Descending  the  galaxy  for  a  considerable  distance,  and 
passing  our  acquaintance  Propus,  we  shall  find  a  much  older 
acquaintance,  8  Monocerotis,  No.  101  of  our  Double  Star  List 
(Int.  Obs.,  1863,  April,  p.  217).  About  2"*  E.  of  this,  the 
naked  eye  will  readily  detect  a  nebulosity,  which  the  finder  will 
turn  into  a  starry  cloud.     It  is — 

12.  2  1^  VII  {Monocerotis),  A  brilliant  group,  containing 
stars  from  7  to  14  mag — ^the  latter,  Smyth  tells  us,  running  in 

*  WroDgly  numbered  56  in  the  maps  of  the  S.  D.  U.  K. 
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rays.  It  is  392  H.  who  calls  it  a  large^  poor  (that  is  in  numbers)^ 
bat  brilliant  cluster.  A  very  large  field  is  required  to  do  it 
justice^  which  will  include  towards  its  sf  edge  12  Monocerotis, 
6  mag.,  a  fine  yeUow  star. 

If  we  go  lower  still  towards  the  horizon,  till  we  reach  a  line 
joining  Procyon  and  Sinus,  about  one-third  of  the  distance 
from  the  latter  we  shall  detect  by  sweeping,  a  nebulous  patch 
in  the  finder — 

13.  50  M.  {Monocerotis).  A  low  power  will  here  show  us 
what  Smyth  justly  calls  a  superb  and  very  rich  object/ com- 
posed of  stars  from  8  to  16  mag.,  with  spots  of  splendour 
indicating  yet  farther  masses.  H.  gives  it  a  diameter  of  10' 
to  12',  and  says  the  stragglers  extend  over  a  circle  of  30',  as 
large  as  the  moon.  The  mode  in  which  it  loses  itself  every 
way  in  the  surrounding  galaxy  is  very  beautiful,  as  well  as  sug- 
gestive with  regard  to  the  constitution  of  that  wonderful  zone. 
The  whole  neighbourhood  is  superb,  and  will  be  swept  over 
with  a  delighted  gaze,  minute  sparklings  breaking  out 
throughout  the  whole  extent  of  the  field,  and  indicating  the 
starry  nature  of  the  nebulous  ground  which  fills  it.  A  very 
moderate  aperture,  even  under  four  inches,  will  suffice  to  indi- 
cate this  resolvability,  which  will  increase  with  every  increase 
of  light,  till  in  the  field  of  the  great  reflectors  of  Herschel, 
Schroter,  and  Lassell,  the  multitude  of  faintly-glitterirfg  points 
would  prove  that  the  whole  of  this  vast  stratum  encompassiug 
us  on  every  side,  is  composed  of  stars :  and  every  one  of  these 
Uterally  millions  of  minute  stars  is  a  witness  of  the  omni- 
presence and  omnipotence  of  its  Creator. 

We  will  now  turn  to 

14.  Prcesepe  in  Cancer  (44  M) .  This  celebrated  cluster, 
which  was  well-known  to  the  ancients,  has  been  already  referred 
to  under  No.  5  of  our  Double  Stars  (Int.  Obs.,  I.  277),  and 
may  probably  not  bo  a  stranger  to  us ;  however,  it  could  not 
with  propriety  be  omitted  from  the  present  list.  It  ofiers  a 
perfect  example  of  the  process  of  nebular  resolution,  being 
barely  resolvable  without  the  telescope,*  showing  its  compo- 
nents in  the  finder,  and  being  widely  opened  out  with  high 
powers,  while  the  reverse  of  this  operation  enables  us  readily  to 
comprehend  how  clusters,  fully  separated  to  the  naked  eye, 
would  become  gradually  compressed,  and  at  length  nebulous, 
if  progressively  removed  to  greater  depths  in  space.  The 
whole  of  PrsBsepe  is  too  extensive  to  be  included  in  an  ordi- 
nary field ;  it  is  sub-divided  into  several  groups,  among  which, 

*  Arago  says,  '*  It  is  impossible  for  mere  unaided  yision  in  any  instance  to 
separate*'  the  stars.  Their  existence  may,  hovrever,  be  recognized  with  little 
difficulty,  giTing  a  sparkling  character  to  the  mass.  I  have  found  the  cluster 
much  brighter  hy  oblique  Tision. 
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pairs^  triplets^  and  more  complicated  arrangements  will  be 
found.  Two  beautiful  little  triangles  will  be  sure  to  attract 
notice. 

DOUBLE  STAB. 

We  shall  meet  with  a  beautiful  object  well  worthy  of  being 
added  to  our  former  list  by  looking  first  for  a  considerable  3 
mag.  star,  7  Ghndnomm,  which  lies  between  Pollux  and  BeteU 
geuxy  but  nearer  to  the  latter.  A  little  8  f  from  this  star  we 
shall  notice  two  of  the  4  and  5  mag.^  very  near  together,  f  *  and 
^j  and  s  again  from  these^  a  little  p,  another :  this  is  the  star 
of  which  we  are  in  quest. 

120.  15  Monocerotuf.  2"*5.  206'''2.  6  and  9^,  greenish  and 
pale  grey.  This  fine  and  easy  object  is  converted  into  a  triple 
group  by  the  addition  of  a  minute  comes,  which  Smyth  calls 
blue,  at  15"  and  15\  He  assigns  to  it  only  15  mag.,  but  I 
have  found  it  more  visible  than  I  should  have  expected,  being 
steadily  seen  with  5^  inches  and  a  high  power.  Another  still 
more  minufce  attendant,  unnoticed  by  Smyth,  lies  at  a  greater 
distance  in  the  n  p  quadrant.  Just  s  of  the  principal  star, 
three  other  small  pairs  form  an  irregular  transverse  line  across 
the  field,  and  further  in  the  same  direction  we  shall  find  a  fine 
group,  requiring  a  low  power.  Many  parts  of  this  galaxy 
region  are  very  glorious. 

THE  GREAT  NEBULA  IK  ORIOK 
So  lengthened  a  description  of  this  nebula  was  given  upon 
a  former  occasion,  that  some  explanation  seems  requisite  to 
account  for  its  re-introduction  at  the  present  time.  It  is  simply 
the  result  of  a  closer  acquaintance  with  this  great  marvel  of 
the  heavens.  A  more  careful  telescopic  examination  of  it  than 
I  had  ever  previously  attempted,  combined  with  a  more  ex- 
tended comparison  of  the  principal  drawings  of  our  great 
observers,  has  led  me  to  think  it  an  object  worthy  of  much 
more,  even  at  the  hands  of  amateurs,  than  a  passing  gaze  of 
wonder,  and  capable  of  repaying  their  diligent  study  and 
careful  delineation.  The  discrepancies  with  regard  more 
especially  to  the  internal  distribution  of  the  luminous  haze,  as 
represented  by  our  best  observers,  and  by  means  of  the  finest 
instruments,  are  so  obvious,  that  I  feel  less  disposed  than  I 
should  otherwise  have  done,  to  reject  my  own  results,  or  think 
lightly  of  those  of  others,  my  fellow  students,  on  the  mere 
ground  of  their  differing  in  some  respects  from  all  that  has 
preceded  them.  Where  the  highest  authorities  differ,  there  is 
room  for  every  man^s  independent  work ;  and  in  such  a  case 
the  aspiring  sentiment  of  Tycho  Brahe  may  be  applied  without 
diminution  of  the  veneration  with  which  we  ought  always  to 
regard  our  masters  in  science  : — 

"  Anne  ita  decet  noe  Miriliter  addictoa  aliomm  prolatifl)  ut  nihil  in  his  ipsimet 
ezperiamnrP" 
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A  few  fBkYOurable  nights  have  shown  me  details  which  I 
know  not  how  to  reconcile  with  any  designs  which  I  have  had 
an  opportunity  of  examining^  and  there  is  reason  to  suppose 
that  a  similar  examination  in  other  hands  would  lead  to 
analogous,  though^  very  possibly,  not  identical  conclusions. 
The  feebler  portions  of  the  nebulosity  are  of  course  out  of  the 
reach  of  any  but  the  most  Ught-grasping  instruments;  but 
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[Th«  f  gnres  plaoed  abore  and  beneath  the  diagram  are  the  niunben  by  which 
the  stars  are  designated,  in  the  order  of  their  Bight  ABoensioni  hj  Sir  John  Hen- 
chel,  in  his  Observations  at  the  Cape  of  Good  Hope,  and  which  have  since  been 
generally  adopted.  Thej  are  not  introduced  in  the  diagram  for  the  sake  of  clear- 
neaty  but  they  may  easily  be  referred  to  their  places  by  nmning  a  yertical  line 
from  each  star  to  its  oorrespondisg  number,  abore  or  below.  The  diagram  is  to 
be  considered  as  bisected  from  right  to  left,  just  beneath  the  trapezium,  the 
numbers  at  the  top  referring  to  the  stars  lying  above  the  group,  and  vice  versaJ] 
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experience  has  led  me  to  believe  that  a  much  smaller  apertare 
than  that  of  ten  inches  specified  by  O.  Struve^  as  quoted  in  my 
former  paper^  is  competent  to  deal  with  a  fair  proportion  of 
its  most  remarkable  features^  and  that  many  of  our  readers 
might  find  it  highly  interesting  to  make  it  matter  of  careful 
examination^  and  to  record  what  they  see  for  fiitnre  comparison. 
To  prepare  for  this  by  a  wholly  independent  process  of  mapping 
out  the  included  and  attendant  si^,  would  be  not  only  very 
laborious,  but  a  great  waste  of  time,  when  a  simple  diagram  will 
supply  everything  of  the  kind.  Such  a  design  is  here  given, 
inverted  of  course  to  suit  the  astronomical  eye-piece ;  and  a 
copy  of  it,  especially  if  upon  an  enlarged  scale,  will  serve  at 
once  as  the  groundwork  of  a  delineation  of  the  nebula. 

The  stars  are  by  no  means  all  that  are  visible  with  a  5|-inch 
object-glass,  but  they  are  such  as  seemed  at  once  the  most 
obvious  and  the  most  favourably  situated ;  some  pains  have 
been  taken  with  their  relative  magnitudes,  but  accuracy  will 
not  be  expected ;  and  the  lines  indicating  the  position  of  the 
nebulosiiy  are  inserted  merely  for  more  convenient  identifica- 
tion, and  should  be  omitted  in  preparing  the  copy  for  use.  It 
may  require  a  little  perseverance,  and  the  employment  of 
various  magnifiers  (even  high  ones  not  being  excluded),  to 
make  out  the  boundaries  and  details  of  the  hazy  mass,  but  habit 
will  soon  render  its  aspect  familiar,  and  more  intelligible  than 
might  have  been  at  first  expected.  Attention  may  be  particu- 
larly directed  to  the  arrangement  of  the  "  flocculi,^^  or  cloudy 
wisps,  in  the  bright  region  lying  S.  of  the  trapezium,  as  here 
they  are  most  distinct,  and  appear  to  me  to  exhibit  the  least 
agreement  with  the  published  designs  of  our  great  observers ; 
and  should  the  attempt  at  delineation  at  first  seem  difiicult  or 
uninteresting,  we  may  call  to  mind  that  within  a  short  time,  on 
this  spot  rather  than  anywhere  else  in  the  heavens,  is  one  of 
the  most  remarkable  of  all  astronomical  enigmas  likely  to 
receive  its  solution — ^what  is  the  true  character  of  many  of  the 
nebulas  ?  Are  they  merely  remote  collections  of  stars  ?  or  are 
they  luminous  mists,  of  a  nature  wholly  unknown,  and  subject 
to  internal  movements  whose  causes  are  now,  and  probably 
will  ever  remain,  as  Seneca  says,  "  hidden  in  the  majesty  of 
nature  '^  ? 

COMPARISON  OF  SUN  AND  STARS. 

The  celebrated  American  optician,  Alvan  Clark — ^whose 
gigantic  IS^-inch  object-glass,  after  receiving  the  Lalande 
pnze  of  the  Academic  des  Sciences,  has  recently  been  pur- 
chased by  the  Astronomical  Association  of  Chicago  for  11,187 
dollars — ^has  published  an  interesting  account  of  his  photometric 
experiments  on  the  comparative  brightness  of  the  sun  and  the 
fixed  stars.*     Starting  with  the  acknowledged  optical  fact,  that 

•  The  Sun  and  Start  PhotometricaUy  Compared,    By  Alvan  Clark.  1863. 
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the  focal  image  produced  by  a  convex  lens  corresponds  in  appa- 
rent magnitude  and  brightness  with  the  original  object  when 
viewed  firom  a  distance  equal  to  the  focal  length  of  the  lens^  and 
diminishes  in  proportion  as  the  distance  of  the  eye  increases^  he 
proceeds  to  apply  it  experimentally  in  the  following  manner : — 
Having  an  underground  dark  chamber^  230  feet  in  length, 
communicating  at  one  extremity  with  the  open  air  by  a  verti- 
cal openings  he  first  reflects  the  sun's  rays  down  this  opening 
by  an  ordinary  mirror^  and  then  gives  them  a  horizontal  direc- 
tion by  means  of  a  reflecting  prism,  on  the  inner  face  of  which 
is  cemented  a  little  convex  lens  of  -^jf  of  an  inch  focus.    When 
the  solar  light  is  transmitted  through  this  apparatus,  an  observer 
at  the  other  end  of  the  long  gallery  sees  it  reduced  55,200  times, 
in  which  condition  its  appearance  differs  but  little  from  that  of 
Sirius.  The  intention,  however,  being  to  obtain  not  a  compara- 
tive but  an  absolute  reduction  to  the  minimum  visibile,  or  the 
equivalent  of  a  faint  6  mag.  star,  another  lens  of  6  inches  focus 
is  interposed  between  the  eye  and  the  minute  lens,  and  made  by 
means  of  cords  to  traverse  the  long  chamber  at  the  observer's 
pleasure,  till  the  solar  image,  thus  doubly  diminished,  is  on  the 
point  of  disappearance.     The  reduction  obtained  in  this  way, 
amounting  to  1,203,360  times,  indicates  that  the  sun,  at  that 
distance,  would  be  only  just  visible  to  the  unassisted  eye ;  while 
at  100,000  times  his  present  distance,  he  would  merely  rank  as 
a  pretty  bright  first -magnitude  star,  though  his  parallax  would 
be  double  that  assigned  to  any  star  in  the  whole  heavens.    And 
hence  he  draws  the  following  conclusion : — '^  If  the  distances 
imputed  to  several  of  the  stars  from   parallax  can  be  true,  I 
am  sure  those  having  the  taste,  talent,  and  leisure  necessary 
for  following  up  photometrical  researches  with  efficiency,  cannot 
fail  to  find  our  glorious  luminary  a  very  small  star;  and  to  the 
human  understanding,  thus  enlightened,  more  than  ever  must 
the  heavens  declare  the  glory  of  God."     In  confirmation  of  this 
result  he  subsequently  removed  the  8-inch  object-glass  from  the 
tube  of  his  equatoreal,  and  turned  the  eye-end  to  the  sun,  car- 
rying two  lenses  of  -^th  and  -^^^  th  of  an  inch  focus,  at  an  ad- 
justable distance  from  each  other,  and  thus  found,  when  his  face 
was  inserted  in  place  of  the  object-glass,  a  reduction  of  about 
1,308,000  times  necessary  to  obtain  the  minimum  visibile ;  a 
result  sufficiently   accordant  with  the  former,  when  the  very 
delicate   nature  of  the  investigation  is   considered.     In  the 
interesting  paper,  of  which  this  is  an  abstract,  the  ingenious 
author  has  taken  into  account  the  loss  of  light  in  reflexion,  and 
its  increase  from  the  strongly  illuminated  neighbourhood  of  the 
sun ;  and  seems  to  have  used  every  precaution  in  the  conduct 
of  his  experiments.     He  adds  that  a  similar  mode  of  reduction 
brings  the  star  Castor  to  the  same  point  at  a  distance  repre- 
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sented  by  10-8;  Pollux  11;  Procyon  12;  Sirins  20;  the  fall 
moon  3000 ;  whence  it  appears  incidentally  that  it  would  take 
the  light  of  400  moons  to  equal  that  of  the  sun — a  Tesult  yery 
different  from  those  hitherto  obtained^  which  are  however  alto- 
gether discordant  among  themselves.  Bouguer,  for  instance^ 
gave  the  proportion  300,000 ;  Robert  Smith  90,000 ;  I^mbert 
277,000 ;  Wollaston  801,072.  In  speaking  of  a  somewhat 
similar  case,  Sir  John  Herschel  has  observed  that  ^^  discordances 
of  this  kind  will  startle  no  one  conversant  with  photometry/' 
But  they  evidently  imply  the  necessity  of  farther  research  :  and 
whatever  may  be  the  comparative  value  of  Mr.  Clark's  experi- 
ments (which  could  hardly  have  been  undertaken  by  a  more 
competent  observer),  they  must  be  acknowledged  to  be  an  im- 
portant move  in  the  right  direction. 

OOCULTATIOK 

'  A  single  occultation  only  will  be  conveniently  visible  during 
the  mont£  of  February.  20th,  60  Cancri,  6  mag.,  will  disap- 
pear from  6h.  32m.  to  7h.  34m. 


PROCEEDINGS  OF  LEARNED  SOCIETIES, 

BY  W.   B.  TBGETMEIEB. 


ENTOMOLOGICAL  SOCIETY.— J"(m.  4. 

Introduction  of  White  Ants  into  St.  Helena. — ^A  communi- 
cation was  read  from  the  Lordfi  of  the  Admiralty  requesting  the 
advice  of  the  society  as  to  the  best  means  of  secnring  the  destruction 
of  the  white  ants  which  had  been  introduced  into  James  Town 
twenty  years  smce,  from  the  Coast  of  Guinea.  Since  which  time 
they  have  multiplied  to  so  great  an  extent  as  to  hare  seriously 
injured  eyery  building  in  the  town,  and  to  hare  reduced  some  to 
such  a  state  of  ruin  as  to  compel  the  inhabitants  entirely  to  abandon 
them.  General  Sir  John  Hearsey  related  his  experience  respecting 
the  white  ants  in  India,  and  stated  that  if  they  once  gained  access 
to  a  house  their  eradication  was  generally  regarded  as  impossible^ 
unless  the  house  was  taken  down  and  rebuilt.  He  suggested 
the  steeping  of  the  timber  in  a  solution  of  quick  lime ;  but  as  this 
would  rapidly  become  converted  into  carbonate  of  lime  by  exposure 
to  the  air,  it  does  not  oflfer  much  promise  of  success.  For  small 
articles  General  Hearsey  recommended  a  solution  of  corrosive  sub- 
limate. Mr.  H.  W.  Bates,  who  has  had  much  experience  respecting 
these  insects  in  the  forests  of  South  America,  stated  that  they  did 
not  attack  houses,  frimiture,  or  store  boxes,  constructed  of  a  Tery 
hardwood  called  Acapu,  and  that  it  was  customary  to  protect  boxes, 
etc.,  of  softer  wood  by  raising  them  on  blocks  of  acapu.     When 
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iihe  «ni8  bad  gained  posseeaion  he  found  that  thej  might  be  expelled 
by  the  £cee  nse  of  the  araenioal  soap  employed  in  preserving 
animal  skinjs.  This  soap^  which  is  a  compound  of  oommon  soap, 
carbonate  of  potash,  and  white  arsenic,  is  made  into  a  lather  with 
water,  and  bmshed  over  the  articles  which  it  is  wished  to  preserve. 
The  great  objection  to  snch  a  proceeding  is  obviously  the  danger  to 
the  health  of  the  inhabitants  m>m  the  dissemination  of  the  arsenic 
into  the  atmosphere. 

Mr.  Bobinson  stated  that  the  ravages  of  the  white  ants  on  the 
sleepers  and  other  wood  work  of  the  East  Indian  railways  had  been 
entirely  prevented  by  the  nse  of  creosote,  but  the  exceedingly  objec- 
tionable odonr  of  this  remedy  wonld  prevent  its  being  osed  m  a 
dwelling-house. 

PHAHMAOEUTICAL  SOOIETY.-Va»,  6. 

Preparation  of  Essential  Oils. — ^Mr.  T.  B.  (Jroves  suggested 
an  exceedingly  ingenious  method  for  the  separation  of  essential  oils 
firom  watery  solutions  in  which  they  exist  in  small  quantities,  such 
solutions  being  frequently  produced  by  the  distillation  of  aromatic 
herbs,  etc. 

A  proportion  of  olive  oil  is  added  to  the  aromatic  solution ; 
this  is  then  formed  into  a  soapy  emulsion  by  the  addition  of  potash. 
When  this  emulsion  is  destroyed  by  the  addition  of  an  acid, 
the  olive  oil  rises  to  the  surface,  bringing  with  it  all  the 
aromatic  oil,  which  may  then  be  readily  dissolved  out  of  the  fatty 
oil  by  agitation  with  rectified  spirit. 


LONDON  INSTITUTION.— J"a».  20. 

Sources  of  the  Nile. — Dr.  fieke  delivered  a  lecture  on  the 
Sources  of  the  Nile,  in  which  he  demurred  altogether  to  the  con- 
clusions of  Captains  Qrant  and  Speke,  as  to  the  origin  of  that  river 
in  the  Lake  Victoria  Nyanza.  Dr.  Beke  maintains  that  the  Nile 
merely  flows  through  the  Nyanza  Lake,  its  true  origin  being  in  the 
Mountains  of  the  Moon,  which  run  from  north  to  south  parallel  to 
the  east  coast. 

The  mountains  laid  down  by  Captain  Speke  at  the  northern  ex- 
tremity of  the  Lake  Tanganyika,  are  stated  by  Dr.  Beke  to  be 
entirely  imaginary. 

Dr.  Beke  stated  that  Captains  Ghrant  and  Speke  had  left  a  most 
important  part  of  the  river  unexplored,  namely,  a  large  bend  that 
extended  for  at  least  200  miles,  and  that  in  this  portion  there  was  a 
fall  of  1000  feet,  which  had  not  yet  been  examined  or  explained. 
The  true  source  of  the  Nile  Dr.  Beke  maintained  to  be  the  range 
of  snow  mountains  on  the  eastern  side  of  the  Nyanza  Lake,  a  district 
unexplored  by  Captains  Grant  and  Speke's  expedition.  The  maps 
exhibited  by  Dr.  Beke  showed  that  the  recent  explorations  proved 
the  correctness  of  the  theories  he  had  submitted  to  the  Qeogra- 
phical  Soci«iy  in  1849,  and  he  proposed  to  undertake  again  in 
person  the    command  of  another   expedition,    which  would    be 
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confined  entirely  to  the  sontli  side  of  the  eqnator,-  as  the  northern 
part  of  the  river  is  being  investigated  bj  Madame  Tinne's  party, 
which  includes  several  scientific  observers^  as  the  Baron  Yon 
Henglin. 

LONDON  MICROSCOPICAL  SOCIETY. 

Held  at  Kino's  College,  Jan,  18. 

Charles  Brooke,  Esq.,  President,  in  the  Chair. 

Dr.  Lionel  S.  Beale  read  a  very  interesting  paper  on  the  white 
blood  corpuscles,  after  which  a  very  animated  discussion  took  place, 
in  which  the  President,  Dr.  Carpenter,  Mr.  A.  Brady,  Mr.  Samuel- 
son,  Dr.  Beale,  and  Mr.  H.  Lobb,  took  part.  The  discussion  was 
chiefly  between  Dr.  Beale  and  Dr.  Carpenter,  and  elicited  consider- 
able applause  from  the  meeting. 

A  new  table  for  heating  slides  while  mounting  was  exhibited  by 
Mr.  D.  Everett  Goddard,  and  which  is  certainly  a  great  improvement 
on  those  previously  in  use.  Instead  of  heating  the  slide  by  placing 
it  on  a  flat  metal,  the  table  is  so  constructed  that  the  centre  of  the 
slide  is  heated  by  radiation,  and  the  balsam  in  which  the  prepara- 
tion is  mounted  does  not  come  in  direct  contact  with  the  hot  metal 
plate. 
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Bbcbittly  vaksd  Lunab  Cbatebs.— Mr.  Birt,  of  Hartwell  ObserTatory,  has 
communicated  to  the  Attronomische  Nackrichien  the  following  notes  on  craters  he 
has  recently  named.-— 405,  406.  The  Ck>xwell  Mountains  skirt  the  S.W.  edge  of 
PaluB  Somnii,  Mount  G-laisher  being  the  culminating  point  just  south  of  Proclus. 
407.  Cherallier.  A  full-sized  crater  near  Atlas.  It  is  rather  shallow,  and  has 
some  formations  within.  408,  409.  Moisno  and  Peters  are  two  somewhat 
similar  and  rather  conspicuous  craters  wnen  the  Terminator  is  near  them. 
Thej  are  in  the  neighbourhood  of  Christian  Majer.  410.  The  Teneriife  Moun- 
tains are  the  detached  rocks  on  the  Mare  Imbrium,  south  of  Plato.  They 
are  reepectiyely  designated  Petora,  Guajara,  Pico,  Bambleta,  Alta  Vista,  and 
Chajorra.  The  remarkable  range  between  Plato  and  La  Place  is  provisionally 
called  '*  Straight  Chain."  A  chart  of  the  Teneriffe  Mountains  is  in  project.  411. 
Piazzi  Smyth.  A  small  crater  near  Kirch,  it  is  between  Petora  and  Guajara.  412  to 
415.  Herschel  II.,  Bobinson,  South,  and  Babbage  form  a  fine  group  hitherto  unre- 
presented as  they  appear  in  our  lunar  maps.  An  account  of  this  group  will  be  found 
in  the  "  Beport  of  the  British  Association  for  the  Advancement  of  Science,  for 
1862,"  page  9 ;  Transactions  of  the  Sections.  416.  The  Percy  Mountains,  extending 
from  Gassiendi  to  Cavendish,  form  a  fine  chain  with  crater  openings.  This  chain 
is  interrupted  by  Mersenius.  417.  Bosse.  A  fine  walled  plain,  hitherto  un- 
represented. 418  to  421.  J.  Franklin,  Crozier,  and  MacClnre  form  a  bold  head- 
land, projecting  with  the  Mare  Fecunditatis  opposite  the  Pyrenees.  422. 
Wrotte^ey.  A  crater  eastward  of  and  adjoining  Petavius.  423.  Phillips.  A 
large  crater  adjoining  Wilhelm  Humboldt.  It  is  lettered  **  Humboldt,"  in  Beer 
and  Madler's,  and  alM>  in  Le  Couturier's  maps ;  but  the  large  crater  rather  west 
is  really  W.  Humboldt.  Beer  and  Madler  describe  it  as  such.  424.  The  Mare 
Smythii,  named  Kastner  by  Schroter,  but  veiy  imperfectly  represented  by  Beer 
and  Madler,  as  to  require  some  change.  The  numbering  is  carried  on  from  the 
Bev.  J.  W.  Webb's   catalogue   in  his  very  useful  work.  Celestial  Ohfect*  for 
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Comm<m  IhUteopet,  Those  loealitiM  marked  (412,  8,  4,  7,  24)  are  muepre- 
aented  in  Beer  end  MadWe  large  map,  but  some  rery  impcnrfect  indioations  of 
them  exist.  The  aathority  for  the  Selenomphical  Co-ordinates  is  Beer  and 
Madler's  map.  Ther  however  reqnize  a  oaretul  redetermination.  It  is  proper  to 
add  to  this  bst  "Le  Verrier,"  the  name  gtren  in  Le  Coutozier's  map  to  Beer  and 
Hadler*s  Helioon  A.  in  N.  lat  40'  U'  and  S.  long.  20°  26'. 

Snow  Fall  aki>  Wiin>  Stoshs. — ^Marshal  Yaillant  says  that  the  storm  from 
which  the  fleet  suffered  in  the  Black  Sea,  in  19'oTember,  185i,  was  caused  by  a 
heavy  snow  fail  on  the  Caucasian  Mountains.  He  imagines  that  the  storm  of 
2nd  and  8rd  Deoember,  1868,  may  hare  arisen  from  a  great  snow  storm  in  Soot- 
land,  producing  intense  cold,  that  acted  on  the  warm  south  wind  that  was 
praralent  in  Europe.  Such  enow  storms  might  doubtless  exert  such  an  effect, 
oat  u  there  any  evidence  that  a  sufficient  snow  &U  did  occur  in  Scotland  at  the 
timeP 

HuuiN  FossiiA  7B0M  Bbukiqitxl. — M.M.  Garigon,  Martin,  and  TmUi 
describe  in  Comptes  Rmdus^  two  fragments  of  human  jaws  disoovered  in  the 
cavem  of  Bruniquel  (Tame  et  Q-aronne).  This  cavem  ia  in  a  Jurassio  limestone, 
and  the  soil  found  in  it  is  formed  by  the  superposition  of  sereral  layers,  which 
the  writers  examined  at  a  depth  of  three  metres.  First  was  a  stalagmite  deposit 
of  22  centimetres;  then  an  osseous  breccia  Im.  46;  then  black  clay  beds  repeated 
serefal  times,  in  the  midst  of  which  was  t^pellmeU  of  wrought  flints  of  all  known 
shapes ;  barbed  aarrow  points ;  bones  of  camiTores,  ruminants,  and  birds,  and 
rounded  ^bbles.  The  writers  remark  that  ^  the  reindeer  is  characteristic  of  the 
age  of  this  cayem,  and  that  bearing  in  mind  the  four  divisions  established  by  M. 
Lsrtet  for  the  quaternary  epoch,  we  see  at  once  that  it  is  to  the  third  palssonto- 
logical  epoch  that  we  must  refer  the  filling  up  of  this  excavation."  The  two 
human  jaw  fragments  were  found  in  the  presence  of  several  witnesses,  at  a  depth 
of  about  two  metres,  in  a  bed  of  clay,  containing  quantities  of  charcoal,  wrought 
flints,  and  bones  of  ruminants.  After  various  anatomical  details,  the  writers 
observe — "  Three  human  jaws  are  thus  referred  to  the  same  type— brachyoephahc 
—although  they  belong  to  epochs  completely  separated  one  from  the  other ;  that 
of  Aurignac,  with  which  was  found  the  Ursus  spekfiu;  that  of  Moulin  Quignon 
bedded  with  JElepAas  primigeninu ;  and  that  of  Bruniquel  lying  in  the  mi<jbt  of 
bones  of  the  reindeer.*'  Amongst  the  bone  fragments  of  this  cave  was  found  the 
humems  of  a  big  bird,  on  which  was  roughly  sculptured  diffbrsnt  parts  of  a  fish* 

AsB  DiPVXBBirr  Bodies  LuKnroirB  at  thb  Samb  Tskpsbatitbx  ? — ^M.  F. 
de  la  Frovostaye  details  in  Comptea  Sendtu  a  process  of  theoretiGal  reasoning,  by 
which  he  arrives  at  the  conclusion  that  diflerent  bodies  progreasively  heated,  do 
not  become  luminous  at  the  same  temperature. 

Bealb  on  Blood  Cobpuscleb.—- <In  a  paper  which  will  be  found  in  the 
Quarterly  Journal  of  Microteopic  Science,  Mr.  Lion^  Beale  says — "  It  ia  most 
remarkable  that  the  red  colouring  matter  of  the  blood  corpuscles  of  different 
animals  should  crystallize  in  different  forms ;  and  there  are  instances  of  animals 
closely  alHed  to  each  other,  the  blood  crystals  of  which  are  quite  distinct ;  for 
example — the  red  colouring  of  the  guinea  pig  assumes  the  form  of  tetra-hedra, 
while  that  of  the  squirrel  crystallizes  in  six-sided  plates,  and  that  of  the  hamster 
in  rhomboidal  crystals."  'With  reference  to  the  condition  of  different  portions  of 
the  blood.  Professor  Beale  observes — "  In  man  and  in  mammalia  there  are  circular 
coloured  corpuscles  without  a  nucleus,  and  the  so-called  white  or  colourieas  cor* 
puscles,  which  are  spherical.  JSoir  I  believe  that  the  '  colourless  corpuscles,'  and 
the  *  colourless  nuclei*  of  the  red  corpuscles,  consist  of  matter  in  a  living  state, 
while  there  are  reasons  for  the  conclusion  that  the  coloured  material  has  ceased 
to  exhibit  vital  properties."  While  admitting  that  under  certain  circumstanees 
the  appearance  of  a  cell- wall  is  produced.  Professor  Beale  alleges  various  reaaona 
for  denying  that  such  a  structure  is  essential  to  a  blood  oorpustue.  In  concluding 
hia  paper  he  expresses  his  beUef  that  "  the  red  material  is  not  living,  but  results 
from  changes  occurring  in  colourless  living  matter,  just  as  cuticle^  or  tendon,  or 
oartUage,  or  the  formed  material  of  the  liver  cell,  results  from  changes  oocuninff 
in  the  germinal  matter  of  each  of  these  cells.    The  colourless  corpusdes,  ana 
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those  small  corpuscles  which  are  gradually  undergoing  oonrersion  into  red 
corpuscles,  are  hying,  but  the  old  red  blood  corpuscles  consist  of  inanimate 
matter." 

Lead  Bnros  fob  Miososcopi  SuDiia. — ^Mr.  John  Butterworth,  of  Hoor- 
side,  near  Oldham,  writes  to  us  that  he  cuts  rings  from  lead  tubes  with  a  tenon 
saw,  and  finds  them  answer  very  well.  Any  inequality  left  by  the  saw  can  be 
remoTed  by  a  file.  Similar  rings  could  easily  be  punched  out  of  sheet  lead  of 
Tarious  tmcknesses,  but  they  would  not  be  adapted  for  fluids,  most  of  which 
would  corrode  them. 

Mb.  GhLAiSHBB'fl  12th  Jakttaby  Asoxnt. — ^This  ascent  took  place  from  the 
Arsenal,  Woolwich,  at  two  p.m.,  and  the  descent  shortly  after  four  at  Lakenheath 
Warren,  near  Brandon.  On  the  ground  at  starting  the  temperature  was  42°,  but 
at  the  height  of  lialf  a  mile  it  was  nearly  4°  wanner.  At  this  height,  Mr.  Glashier 
had  usually  found  it  from  12°  to  16°  colder.  The  warm  stratum  of  S.W.  wind 
was  fully  8000  feet  thick.  The  greatest  height  reached  was  13,000  feet,  when  the 
darkness  and  fear  of  drifting  seaward  rendered  a  descent  prudent.  At  starting, 
dew  was  deposited  at  85<> ;  at  86%  between  l&OO  and  8000  feet  eleration ;  and  at 
zero,  near  9S00  was  reached. 

STBA170X  Weathxb  Faci  AT  MiLAHT. — We  Icam  from  the  Pregse  Seiemtijique 
that  on  a  date  not  given,  although  the  sky  was  quite  clear,  the  earth  was  oorered 
with  moisture,  and  the  houses  dripped  as  if  drenched  with  rain.  The  supposed  ex- 
planation is  thafc  the  houses  and  soil  had  preyiously  grown  cold,  and  that  a  warm 
ouirent  of  moist  air  was  impelled  against  them.  It  is  curious  that  no  mist  is 
reported  as  seen  near  the  ground. 

Loss  01  Mehoby. — <*  The  celebrated  Professor  Lourdat,  of  Montpellier,  was 
obliged  to  recommence  his  medical  studies  from  the  yery  beginning  after  termi- 
nating them  with  distinction,  a  typhoid  ferer  having  destroyed  the  fruits  of  fire  or 
mx  laborious  years." — Preue  SeienHfique, 

Sfokob  Sfiouleb. — ^Dr.  Wallich,  in  a  paper  on  Mineral  Deposit  in  Bhizopods 
and  .Sponges  in  AniuUs  of  Natural  Sistory,  gives  a  new  view  of  this  subject, 
according  to  which,  when  a  spicule  is  to  be  formed,  a  vacuole  of  similar  shape 
makes  it4  appearance  in  the  sarcode,  and  its  long  axis  is  traversed  by  a 
thread  of  sarcode,  which  he  caUs  a  vckntolar  ttolon.  l%e  stolon  and  the  walls  of 
the  vacuole  each  secrete  a  layer  of  silex,  after  which  the  stolon  usually  diminishes 
in  size,  and  secretes  fresh  layers  of  silex  to  occupy  the  vacancy.  Layers  of  silex 
may,  however,  in  some  cases  be  deposited  externally,  and  to  make  room  for  them 
tiie  walla  of  the  vacuole  must  recede.  The  mode  of  growth  he  considers  difierent 
from  what  takes  place  in  the  mineral  deposits  of  rhizopods. 

""  Thb  Livbbpool  Explosion.— On  the  15th  January,  at  7.26  p.m.,  the  "Lotty 
Sleigh,''  containing  about  eleven  and  a  half  tons  of  gunpowder  in  940  quarter 
kegs,  blew  up  between  Monk's  Ferry  and  the  Tranmere  SHp,  in  the  Mersey. 
The  Liverpool  Post  described  two  distinct  explosions  ;  but  three  separate  shocks 
were  felt  at  Boss*  where  also  the  sound  was  heard.  Tremendous  air  waves  were 
produced  at  Liverpool  and  Birkenhead,  bursting  open  strong  doors  that  were 
locked  and  barred,  smashing  an  immense  quantity  of  glass,  and  putting  out  the 
gas  lights.  At  Gloucester  tne  shock  was  felt,  and  likewise  at  Blockley,  in  Wor- 
cestershire. The  report  was  so  loud  at  Chester,  that  the  authorities  telegraphed 
to  Liverpool  to  know  what  was  the  matter.  For  many  considerations  bdonging 
to  such  concussions  we  must  refer  our  readers  to  the  article  on  "  The  Philosophy 


British  experience  in  the  Liverpool  explosion  shock?  Perhaps  the  Boss  ob- 
server felt  the  two  shocks  directly  arising  from  the  two  explosions,  and  a  leflected 
shock  resulting  from  one  or  both. 
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MARCH,  1864. 


THE  DENTITION  OF  BRITISH  MOLLUSCA, 

BY  THE  BXV.   Q.  BOWE,  H.A. 
{With  a  TmUd  PlaU.) 

Bt  way  of  preface^  it  will  be  well  to  remind  the  reader  that 
the  class  Mollusca  admits  of  a  general  subdivision  into  Acepha-^ 
lovLs  sjii  EncephaUms  animals^  the  latter  alone  possessing  heads. 
And  although  it  by  no  means  follows  that  they  should  therefore 
possess  teeui^  or  that  their  headless  relations  should  not  have 
these  useful  instruments,  yet  it  is  among  the  Encephala,  or 
Oasteropods,  that  we  find  the  subjects  of  our  present  observa* 
tions.  These  creatures  are  also,  for  the  most  part,  occupants 
of  a  single  shell,  such  as  that  of  the  whelk  and  the  limpet,  but 
some,  as  the  land-snails  and  the  beautiful  nudibranchs  of  the 
ocean,  are  naked. 

The  teeth  of  a  Oasteropod  do  not  answer  to  the  ordinary 
signification  of  the  term.  They  are  organs  of  trituration  and 
abrasion  indeed,  but  are  not  used  for  the  purposes  of  holding 
or  biting.  Many  of  the  shell-less  moUusks  have  one  or  more 
horny  mandibles ;  and  in  some  instances  these  are  replaced,  and 
even  supplemented,  by  buccal  plates  armed  with  spines.  Such 
is  the  case  with  the  genus  NcUica,  and  with  Oyprcea  Europcea. 
And  Woodward  states,  that  many  of  the  flesh-eaters  have  a  spiny 
collar  at  the  end  of  their  flexible  proboscis.  These  afford  the 
means  of  holding  the  food  or  prey,  while,  what  I  have  here 
termed  teeth,  are  employed  in  rasping  it  into  the  mouth.  The 
so-called  teeth  are  silicious  plates  of  extreme  tenuity,  often 
beautifully  outlined  and  curved,  and  frequently  serrated  at  their 
edges.  There  are  generally  a  great  number  of  them,  some- 
times many  thousands,  in  one  animal ;  and  they  are  rooted  in  a 
thin  membrane,  named,  from  its  form  and  position,  the  dental 
or  Ungual  ribbon.  As  this  lingual  band  forms  a  very  in- 
teresting object  for  the  microscopcj  and  only  requires  a  little 
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practice  for  its  preparation,  I  will  briefly  describe  the  process, 
m  the  hope  that  some  of  my  younger  readers  may  be  induced 
by  its  easiness  to  attempt  it. 

There  need  be  no  lack  of  subjects  for  examination.  Peri- 
winkles, whelks,  and  limpets  are  to  be  obtained  in  most  places, 
even  inland;  but  if  these  sea  ''fish"  are  not  to  be  had,  then 
every  ditch  will  yield  LimncBi  and  Planorbes  in  abundance,  or, 
as  a  last  resource,  the  common  snails  and  slugs  of  the  garden 
and  the  lane  must  serve  the  turn.  The  apparatus  may  be 
the  simplest  possible.  One  or  two  ordinary  needles  and  as 
many  surgical  ones  may  be  fixed  into  cedar  pencil-sticks,  or, 
better  still,  into  the  neat  little  bone  holders  used  by  ladies  for 
their  crochet-hooks.  A  few  sharp  pins  will  be  required  to 
hold  down  the  parts.  A  common  pocket-lens  must  be  mounted 
BO  as  to  slide  on  an  upright  rod  (a  piece  of  soft  wood  stuck 
into  a  flat  bit  of  lead  will  answer  every  purpose),  for  the  dis- 
section necessitates  some  magnifying  power  and  both  hands 
must  be  free.  It  will  also  be  well  to  have  a  pair  of  small  curved- 
pointed  scissors,  and  a  pair  of  forceps  with  claw-ends.  They 
will  be  wanted  for  the  larger  moUusks;  but  in  many  instances 
the  needles  only  can  be  used,  on  account  of  the  great  deUcacy 
of  the  operation.  The  prime  requisites  are  patience  and  light 
fingers  ;  and  assuming  that  the  observer  possesses  both,  let  us 
now  proceed  to  work.  Select  for  a  first  example  a  good-sized 
periwinkle.  If  he  is  alive,  scald  him  for  a  second,  and  then 
you  will  not  be  haunted  by  any  qualms  about  vivisection ;  but 
it  will  not  matter  for  the  nonce  if  your  subject  has  been  boiled 
and  even  salted.  Break  the  shell  with  a  smart  blow,  and  dis- 
engaging the  animal,  pin  him  down  with  his  foot  or  walking- 
surface  underneath.  Above,  and  in  front,  there  will  then  be 
seen  a  loosish  flap  of  skin :  that  is  the  mantle,  and  on  turning 
it  back,  it  will  disclose  the  rostrum  or  muzzle.  It  has  two  Uttle 
fleshy  tentacles  at  the  sides  (corresponding  to  the  horns  of  a 
snail),  and  a  small  nearly  circular  aperture  at  the  extremity, 
which  should  be  turned  to  the  right.  Now,  cautiously  insert 
the  curved  point  of  the  scissors  and  lay  open  the  cavity  of  the 
mouth,  but  take  especial  care  not  to  injure  its  floor,  where 
it  is  paved  with  the  tongue  and  its  wondrous  armature  of  teeth. 
If  they  are  in  the  way,  pin  back  the  cut  edges,  and,  with  the 
needles,  lift  out  the  lingual  band.  It  comes  away  readily,  and 
as  all  the  teeth  are  reflexed  it  may  be  drawn  out  forwards 
without  risk  of  injuring  them.  It  will  probablv  require 
cleaning,  which  is  most  conveniently  managed  unaer  trans- 
mitted light.  In  some  of  the  minuter  examples,  indeed,  the 
whole  process  must  be  so  done.  To  eSect  this,  get  a  cigar-box  ; 
turn  it  on  one  side  and  make  a  clean  hole  in  the  upper  one, 
half  an  inch  in  diameter.     A  small  mirror,  or  piece  of  plain 
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glass  blackened  at  the  back^  is  to  be  placed  inside  at  such  an 
angle  as  to  reflect  the  light  through  the  hole.  The  object 
is  then  laid  on  a  glass  slide  over  the  opening  and  cleaned  with 
a  camel-hair  brush  and  distilled  water. 

Only  a  portion  of  the  tongue  is  in  use  at  any  one  time. 
This  is  nearly  flat  and  is  held  in  its  place  by  projections  of  the 
membrane  on  either  side.  The  posterior  part  descends  ob- 
liquely behind  the  mouth,  and  is  formed  into  a  cylinder  by  being 
enclosed  in  a  membranous  tube,  which  peels  off  like  the  finger  of 
a  glove  turned  inside  out,  and  allows  the  whole  of  the  lingual 
ribbon  to  be  displayed  as  a  flat  strap.  If  particles  of  tissue 
adhere  to  it,  they  may  be  carefully  removed  by  the  brush,  or 
the  curved  needle.  But  being  very  delicate,  the  tongue  is 
often  liable  to  be  torn,  if  held  meanwhile  by  a  hard  point ;  for 
this  purpose  a  bristle  is  a  very  handy  tool.  The  front  of  the 
tongue  is  in  some  cases  folded  at  its  end,  so  that  the  part 
most  in  use  is  at  a  short  distance  from  the  extremity.  This 
happens  especially  with  the  carnivorous  species  which  bore 
through  the  shells  of  their  prey.  The  teeth  on  this  portion  are 
frequently  worn  down  and  broken,  and  as  it  is  essential  to  the 
well-being  of  the  animal  to  have  good  teeth,  the  reserve  so 
bountiftdly  provided  is  brought  gradually  forward,  the  worn 
part  being  at  the  same  time  absorbed.  Thus  a  continually  new 
rasping  surface  is  secured.  Quite  at  the  hinder  end  of  the  tongue 
the  teeth  become  rapidly  imperfect  and  rudimental ;  but  it 
admits  of  doubt  whether  they  are  in  the  act  of  growing,  since 
the  lingual  band  would  appear  to  be  originally  prepared  of  such 
a  length  as  to  last  effective  as  long  as  its  owner  requires  it.  In 
our  periwinkle,  the  spare  portion  will  be  found  beautifully  coiled 
up  in  the  body  of  the  animal  on  the  right  side.  That  of  the  com- 
mon limpet  passes  backwards  and  downwards,  doubling  on  itself 
in  its  course,  and  is  more  than  twice  as  long  as  the  moUusk. 

The  tongue  itself  id  divided  for  convenience  of  description 
into  longitudinal  areas,  which  are  crossed  by  the  rows  of  teeth. 
Of  the  former  there  are  five,  distinguishable  by  the  different 
characters  of  the  teeth  they  bear ;  but  they  are  not  always 
all  present.  The  teeth  are  consequently  named  the  median,  the 
lateral,  and  the  uncini,  although  the  latter  aris  not  necessarily 
more  hooked  than  the  others.  The  areas  bearing  the  uncini 
have  been  called  pleurce.  Since  each  row  is  a  repetition  of  all 
the  rest,  the  system  of  teeth  admits  of  easy  representation  by 
a  numerical  formula,  in  which,  when  the  undni  are  very  nume- 
rous, they  are  indicated  by  the  sign  oo  (infinity),  and  the  others 
by  the  proper  figure.  Thus,  oo.  5.  1.  5.  oo,  which  represents 
the  system  in  the  genus  Trochiis,  signifies  that  each  row  con- 
sists of  one  median,  flanked  on  both  sides  by  five  lateral  teeth, 
and  these  again  by  a  large  number  of  undni.    When  only 
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three  areas  are  found,  the  outer*ones  are  to  be  considered  as 
the  pleurae,  inasmuch  as  there  is  not  unfrequently  a  manifest 
division  in  the  membrane  between  them  and  the  lateral  areas ; 
but  never,  as  far  as  I  have  observed,  between  the  latter  and  the 
median  region.  This  arrangement  is  typical  of  a  large  class, 
having  the  formula  8.1.3,  which  embraces  genera  so  dissimilar  as 
Cyprcea,Aporrhai8j  and  Natica,  together  with  the  vegetable  feed- 
ing Littorinidce,  and  the  operculated  land  and  fresh  water  mol- 
lusks.  Again,  when  only  two  areas  exist,  it  seems  probable  that 
this  is  caused  by  the  absence  of  the  central  bues,  and  the  teeth 
should  therefore  be  termed  undni.  Such  is  the  case  with  the 
Bullidce  and  tiie  allied  bare-gilled  family  of  the  Doridce;  and 
this  conjecture  is  confirmed  by  ihe  fact,  that  in  Cylichna  and 
its  nearest  allies,  which  are  transition  genera,  a  minute  central 
tooth  is  present. 

This  subject  has  been  investigated  by  several  naturalists ; 
abroad,  by  Lov6n  and  Troschel,  and  at  home  by  Gray  and 
Woodward,  with  a  view  to  obtaining  criteria  for  a  syste- 
matic arrangement  of  Gasteropodous  Mollusca,  Up  to  the 
present  time,  however,  their  labours  have  only  partially  suc- 
ceeded. The  union  under  one  formula  of  so  many  creatures 
widely  differing  in  shell,  anatomy,  and  habits,  clearly  indicates, 
that  if  the  lingual  ribbon  contains  generic  characters,  they  have 
not  yet  been  ascertained.  At  the  same  time,  it  does  present 
differences  which  m^  offer  collateral  evidence  in  cases  difficult 
of  discrimination.  It  does  not  help  us  to  separate  carnivorous 
from  phytophagous  animals ;  but  it  seems  possible  to  make  use 
of  it  as  a  mark  between  species.  For,  in  all  the  examples  I 
have  examined,  there  is  a  distinct  difference  between  the  tongues 
even  of  the  most  closely  allied.  Chiton  discrepans  is  hard 
to  tell  from  C.  fascicularis  by  the  outer  parts  alone ;  but  the 
tongues  are  clearly  distinct.  Patella  athletica  may,  it  is  said^ 
be  similarly  divided  from  P.  vulgata.  The  two  British  species 
of  Acmcea  afford  remarkable  differences.  Trochus  ziziphinus 
and  the  nearly  allied  T.  granulatue  is  another  case  in  point. 
On  the  other  hand,  the  occurrence  in  T.  helidnus  of  six  laterals 
is  one  of  the  reasons  which  suggest  a  change  in  its  generic 
name ;  and  great  lingual  dissimilarity  demands  the  separation 
of  our  two  fresh- water  AncylL  In  this  way  supposed  varieties 
may  be  possibly  decided.  If,  for  instance,  the  lingual  ribbon 
of  the  many  subdivisions  of  Litorina  rudis  is  constant  in  its 
characters,  they  cannot  be  received  as  species.  Again,  the 
position  of  the  fluviatile  Paludinidob  in  close  proximity  to 
the  sea-loving  Litorinidce  is  confirmed  by  the  likeness  of 
their  dentition;  while  Neritina  fluviatilisy  with  the  formula 
00.  8.  1.  3.    00,  shows  an  approach  to  the  genus  Trochus, 

All  the  land  and  fresh-water  moUusks  without  opercula 


Tlis  Dentition  of  British  Molluaca,  71 

sliow  a  great  similarity  in  their  dentition.  Their  tongues  are 
''  like  a  tesselated  pavement,"  so  regular  are  their  numerous 
teeth.  These  are  mostly  rectangular  in  ground-plan,  and 
armed  with  a  single  (or  sometimes  triple)  recurved  point. 
They  are  Often  so  very  minute,  that  their  characters  are  oarely 
discernible,  even  by  the  aid  of  the  best  lenses.  When  this 
happens,  we  may  avail  ourselves  of  the  rule  established  by 
Mr.  W.  Thomson,  who  first  in  England  directed  attention  to 
this  subject.  He  found  that  the  form  of  the  whole  transverse 
row  corresponds  to  certain  peculiarities  in  the  teeth,  to  such  an 
extent  as  to  be  an  almost  equally  safe  guide  in  questions  of 
affinity.  Thus,  each  row  passes  straight  across  the  tongue  in 
PlanorbU  albus  and  vortex,  is  curved  in  Limax  rnarginatus, 
and  suddenly  bent  in  Zonites  cellaritis.  Whence  it  may  be 
inferred  that  the  teeth  are  all  similar  in  cases  like  the  first 
named,  and  gradually  or  suddenly  differ  in  the  others  res- 
pectively. 

It  is  among  the  in-operculated  members  of  the  order  PuU 
monifera  that  we  meet  with  the  most  astonishing  instances  of 
large  numbers  of  teeth.  Tdmax  maximus  possesses  27,000, 
distributed  through  180  rows  of  160  each.  Melix  pomatia  has 
21,000;  and  its  comparatively  dwarfed  congener,  JT.  dbvoluta, 
no  less  than  15,000.  When  it  is  remembered  that  these 
estimates  refer  to  series  of  forms,  often  elegantly  curved  and 
sculptured,  the  total  area  sustaining  them  not  measuring  at  the 
utmost  more  than  half  an  inch  long  and  one-eighth  broad,  we 
must  be  filled  with  admiration  at  the  marvellous  prodigality  of 
the  great  creative  power  thus  bestowed  upon  such  a  small  part 
of  the  organization  of  an  humble  snail.  And  when  I  ask  my 
readers  to  examine  these  things  for  themselves  under  the 
microscope,  I  venture  to  think  that  the  varied  and  beautiful 
outlines  and  serried  ranks  of  these  delicate  amber-coloured 
atomies  will  be  viewed  with  a  delight  whose  depth  and  intensity 
the  observers  of  nature  can  alone  rightly  measure. 

The  examples  figured  in  the  plate  are  drawn  from 
original  preparations,*  and  represent  the  principal  types. 
And  in  the  following  table  I  have  placed  the  genera 
known  to  me  under  their  respective  formulas,  as  some 
guide  to  the  student  of  these  objects.  The  group  charac- 
terized by  the  numbers  1.1.1  will  be  noticed  as  the  best,  the 
animals  being  all  flesh-eaters,  with  the  exception  of,  per- 
haps, Lamellaria.  The  generic  names  are  those  employed  by 
Forbes  and  Hanley,  in  their  British  Molliisca. 

*  Those  of  Lamellaria,  Doris,  Goniodoris,  and  Eolii  papilloia  are  from  pre* 
paratioDfl  kindlj  lent  me  bj  Mr.  Bradj,  York.  ^ 
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Ill     DentaliTun,   Lamellaria^    Murez^    Furpnrs^ 

Nassa^  Bnccinum^  Fasus. 

3  13      CalyptrasidaB^       PaludinidsBj       Litormid®^ 

Aporrliaia^     Natica^    Velutina,    Tricho- 
tropis,  C^rea,  Ovula,  Cycloatbma. 

3  0  8     Acmasa. 

10  1      Mangelia,  Philine  (Cylichna  ?),  Bulla^  Go- 

niodoria. 
00  0  00     Scalariaj  Doria. 

0  10     Eolia. 

00  1  cx>    Many  of  the  aection  In-opercalaia. 

6  rTn[  5  Chiton. 

8  8     0     3  3  Patella. 

00  5     1     5  00  Fiaanrella,  Haliotia,  Trochua. 

00  6     1     6  CD  Trochua  (Margarita)  helicinua. 

00  4     1     4  cx>  Emarginnla. 

00  3     1     3  00  Neritina. 


AUTOMATIC  WEIGHING  OP  GOLD  AND  SILVER 
PLANCHETS  AT  THE  ROYAL  MINT. 

BY  J08EPH   NEWTON.. 
(With  an  Illustration.) 

The  marvellona  progreaa  which  haa  been  made  in  mechanical 
Bcience  in  thia  country  during  the  laat  half  century  ia  nowhere 
more  practically  demonatrated  than  in  the  new  weighing-room  of 
the  Royal  Mint.  That  handaomely-appointed  apartment  of  the 
money-making  eatabliahment  containa  twelve  amall  machinea, 
each  one  the  counterpart  of  ita  neighbour,  and  which,  for 
delicacy  of  finish  and  beauty  of  minute  conatructive  detail, 
may  be  aaid  to  equal,  if  not  to  excel,  any  mechanical  apparatua 
owing  ita  existence  to  the  conception  and  the  fingers  of  man. 
They  appear,  indeed,  when  in  motion  to  be  gifted  with  intelli- 
gence, and  they  certainly  constitute  the  neareat  approach  to 
thinking  machinea  that  have  as  yet  been  contrived. 

The  task  of  the  automatic  weighing-  machinea  of  the  Mint,  ia, 
to  receive  each  individual  planchet  or  diac  of  the  precioua  metal 
produced  by  the  laminating  milla  and  cutting-out  presses,  and 
to  answer  the  queation  as  to  whether  or  not  those  planchets  are 
of  the  legal  weight,  which  quaJifiea  them  for  conversion  into 
current  coina  of  the  realm.  Thia  highly  important  duty  the 
automatona  perform  with  a  degree  of  speed,  regularity,  and 
accuracy  impossible  of  achievement  by  direct  human  agency. 
No  matter  what  the  extent  of  skill,  care,  and  aptitude  the  mani- 
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pnlator  might  bring  to  the  work,  he  could  not — as  has  been 
over  and  over  again  proved — ^weigh  planchets  of  gold  or  silver 
to  the  extreme  nicety  which  the  Mint  machines  have  been  made 
to  reach.  Through  their  media  the  infallible  and  beautiful  law 
of  gravitation  is  enlisted  into  the  service  of  her  Majesty's  coiners, 
and  the  results  obtained  thereby  are  as  unfailingly  constant  and 
exact  as  is  the  action  of  that  law. 

Before  proceeding  to  describe  more  closely  the  principle 
and  the  peculiarities  of  construction  of  the  automatic  balances, 
it  may  not  be  improper  to  oflTer  a  few  remarks  upon  the  great 
importance  to  the  Mint  and  to  the  community  at  large,  of 
the  accurate  weighing,  or  ''sizing,'^  as  the  ancient  term 
stands,  of  pieces  of  gold  or  silver  intended  for  transfor- 
mation into  the  circulating  medium.  From  the  very  earliest 
period  in  the  annals  of  minting,  its  consequence  and  value 
have  been  recognized.  Even  before  coins  were  in  use  at  all 
in  the  British  islands,  and  when  slips  or  cuttings  of  the  pre- 
cious metals  represented  money,  the  sizing  of  those  slips  was 
necessarily  attended  to,  and  that  with  as  much  care  and  exacti- 
tude as  the  rude  appliances  of  the  time  admitted.  It  was  usual 
at  that  remote  era — ^which  was  immediately  preceded  by  the  age 
of  barter — ^for  the  inhabitants  of  Britain  to  go  to  market,  or  out 
shopping,  laden  with  sufficient  metal  for  efifecting  their  intended 
purchases,  and  to  carry  with  them  instruments  for  dividing, 
and  scales  and  weights  for  weighing  it.  This  primitive  process 
was  found  to  be  inconvenient,  uncertain,  and  very  troublesome, 
and  soon  the  expedient  was  resorted  to  of  having  pieces  of 
metal  cut  and  weighed  before  going  out  marketing.  These 
clippings  were  at  once  the  prototypes  of,  and  the  substitutes  for^ 
coins. 

At  length,  and  owing  to  frauds  practised  by  buyers  and 
sellers,  both  in  respect  of  the  weighing,  and  the  debasement  of 
the  metallic  symbols,  it  became  necessary  to  interpose  the 
authority  of  the  law,  and  thus  to  regulate  and  systematize  the 
rude  and  unshapely  currency.  Then  appeared  stamps  or  im- 
pressions, emblems  of  that  authority,  and  guarantees  of  the 
weight  and  fineness  of  the  metallic  dumps  upon  which  they  were 
imprinted.  To  these  marks  of  genuineness  were  subsequently 
added  the  names  of  the  authorized  moneyers  by  whom  they 
were  struck  or  stamped.  The  next  step  in  the  march  of  im- 
provement was  to  decorate — as  well  as  the  artists  of  the  day 
could  accomplish  that  operation — the  pieces  of  metal  with  re- 
presentations of  the  monarch,  prince,  or  prelate  under  whose 
sanction  they  were  issued.  Dates,  legends,  and  inscriptions 
followed  in  process  of  time,  but,  as  has  been  shown,  the  accurate 
sizing  or  weighing  of  the  metals  was  always  a  subject  of  grave 
consideration. 
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Without  pushins^  historical  research-  farther  into  the  misty 
atmosphere  of  the  far-off  past,  it  may  be  stated  that  every  Act 
of  Parliament  since  the  Parliamentary  institution  itself  came 
into  beings  and  every  Boyal  Proclamation  passed  and  promul- 
gated in  England^  for  the  purpose  of  legalizing  coins  of  the 
realm^  has  defined  with  great  precision^  though  sometimes 
rather  verbosely^  the  standard  weight,  and  the  standard  degree 
of  fineness,  of  each  denomination  of  such  coins.  The  law 
makers  and  the  monarch  of  the  kingdom  have,  however,  inva- 
riably recognized  the  impossibility  of  producing  coins  in  large 
quantities  of  the  precise  legal  standards  of  weight  and  of  fine- 
ness. A  certain  variation  above  and  below  those  standards  has 
always  been  permitted,  and  this  specifically  as  a  '^  remedy"  for 
imperfection  of  workmanship.  All  Acts  of  Parliament  and 
other  legal  documeiits  having  reference  to  the  manufacture  of 
money,  are  explicit  as  to  the  limits  of  this  remedy.  The  gradual 
improvements  effected  from  time  to  time  in  minting  machinery 
and  appliances,  and  increasing  chemical  knowledge,  have 
allowed  of  the  periodical  reduction  of  the  remedy,  and  it  would 
no  doubt  be  curious  to  trace  out  and  note  the  changes  and 
modifications  which  have  at  various  epochs  been  effected  in  this 
direction.  At  present  such  is  not  the  purpose  we  have  in  view, 
interesting  and  instructive  as  the  results  of  such  a  search  might 
prove.  It  must  suffice,  therefore,  to  say  that,  notwithstand- 
ing all  the  mechanical  and  other  advantages  which  the  existing 
Royal  Mint  possesses  over  mints  of  the  olden  time,  it  has  not 
been  able  to  dispense  with  a  ^'  remedy^'  for  imperfection  of 
workmanship. 

The  varying  deusity  of  the  metals  used  in  the  manufacture 
of  coins  is  one  substantial  reason  why  perfect  uniformity  in  the 
weight  of  individual  pieces  cannot  be  obtained.  The  machinery 
of  that  establishment  is  throughout  excellent,  and  millions  of 
planchets  of  gold  and  of  silver  are  continually  being  yielded  by 
it,  which,  if  measured  individually  by  means  of  the  finest 
micrometer  gauge,  would  not  exhibit  the  most  infinitesimal  differ- 
ence of  size.  Placed  in  a  delicately-poised  balance,  they  would, 
on  the  contrary,  display  material  differences ;  some  would  be 
found  above,  and  others  below,  the  strictly  legal  and  true  stan- 
dard weight. 

Absolute  uniformity  of  weight  among  coins  is  a  "  Will-o'- 
the  wisp,^^  which  no  one  who  understands  anything  of  the  art 
of  coining  would  think  of  pursuing.  The  mere  clasping  of  a 
disc  of  gold  between  the  thumb  and  finger  on  a  summer^s  day 
will  alter  the  weight  of  that  disc,  as  the  test,  balances  of  the 
Mint  bear  evidence,  and  changes  of  temperature  will  produce 
a  similar  result. 

It  is  not  essential  to  examine  farther  into  the  minute  and 
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almost  occult  causes  wliich  affect  the  weight  of  coins ;  in- 
equalities will  exist  between  planchets  of  gold  and  silver  though 
cut  mathematically  of  the  same  dimensions^  and  all  that  can  be 
done  is  to  minimize  the  variations.  Probably  this  object  has 
been  accomplished  more  completely  in  the  British  Mint  than  in 
any  other  mint  in  the  world,  and  the  legal  "remedy^'  for 
imperfect  manipulation  is  smaller  there  than  in  any  other  exist- 
ing money  manufactory. 

The  standard  of  fineness  is  a  point  to  which  reference  has 
been  made,  and  upon  which  it  may  be  well  to  add  a  few  further 
observations.  A  parallel  difficulty  exists  in  obtaining  uniformity 
in  this  direction.  Standard  gold  should  contain  twenty-two 
parts  of  fine  gold  and  two  parts  of  alloy.  The  mixture  is  mado 
at  the  Mint  with  scrupulous  care;  but,  in  spite  of  this,  the 
assayer  on  testing  the  resulting  planchets  will  find  diversity 
of  quality.  The  law  allows  and  legalizes  this  diversity,  to 
a  very  limited  extent  it  is  true,  but  it  does  allow  it.  Sovereigns 
and  half  sovereigns  issued  from  the  Tower  Hill  establishment 
are  sought  after  and  used  by  the  jewellers  of  all*  nations  in  the 
manufacture  of  trinkets,  for  they  are  aware  that  there  is  more 
certainty  of  those  pieces  of  money  being  very  near  to  standard 
than  there  is  of  the  gold  coins  of  any  other  country.  Hence 
they  know  precisely  how  much  alloy  to  add  to  molten  coins,  in 
order  to  reduce  the  mass  to  the  low  standard  of  jeweller^s 
gold.  Thus,  in  both  a  mechanical  and  chemical  sense,  it  may 
be  fairly  asserted  that  the  Royal  Mint  is  in  advance  of  all  other 
mints. 

It  is  to  its  mechanical  excellence  that  we  desire  more  espe- 
'  cially  to  attract  the  attention  of  our  readers ;  and,  as  we 
commenced  by  observing,  this  is  nowhere  more  convincingly 
illustrated  than  in  the  fitments  of  the  weighing-room.  Tho 
weighing  balances  reject  all  planchets  which  are  "out  of 
remedy,^'  that  is,  all  which  are  above  or  below  the  lines  of 
variation  drawn  by  legal  enactment,  and  they  accept  for  coinage 
all  that  are  within  those  lines.  Before  advancing  to  the  de- 
scription of  their  mode  of  action  in  achieving  this  desideratum, 
we  shall  introduce  in  a  tabulated  form  the  standard  weight, 
the  legal  maximum  weight,  the  le^l  minimum  weight,  the 
"  remedy,"  and  the  dimensions  of  every  denomination  of  coin 
circulating  in  Great  Britain  and  the  principal  colonies.  Such 
a  table,  which  is  given  in  the  following  page,  will,  it  is  hoped, 
be  of  practical  value,  as  it  will  certainly  conduce  to  a  clearer 
conception  of  the  ingeniously  coiistructed  automaton  balances, 
and  of  the  nature  of  their  almost  judicial  offices : — 
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Tahvlar  View  of  Weights  amd  Dimensions  of  British  Coins, 

GOLD   COINS. 


PenoninfttkHi  of  Coin. 

StMidftrd 
weight. 

Legal  nuuL. 
weight. 

Le^al  min. 
weight. 

Legsl 
'  remedy.' 

Diem,  of 
ooin. 

Thioicnese 
of  ooin. 

Sorereign  

gn.  pti. 

123-274 

61-637 

gra.  pti. 

128-531 

61-765 

gra.  pti. 

123017 

61-508 

gn.pti. 
0256 
0-128 

inches. 
0-875 
0  756 

inches. 
0*0476 

Half-BOTereign  

00812 

BILVBE  COINS.* 


DenominfttloA  of  Coin. 


Florin    

ShiUing 

Sixpence    

Threepence    

Twopence  (Maundy) 
Penny       (     „    .) 


BtandArd 

Legal  max. 

Leiral  min. 

Legftl 

Diam.of 

weight. 

weight. 

weight. 

'lemAdy.* 

coin. 

gn.  pti. 

gra.  pts. 

gra.  pti. 

I^n.  pta. 

inohes. 

174-545 

175-272 

173-818 

0-727 

1-166 

87-272 

87-636 

86-909 

0-363 

0-916 

43-636 

43-818 

48-454 

0*181 

0-755 

21*818 

21-909 

21*727 

0090 

0-666 

14-545 

14*606 

14484 

0060 

0546 

7-272 

7-308 

7-242 

0080 

0*422 

inches. 
0-0625 
00500 
0-0870 
0*0270 
00230 
0-0202 


BBONZIB   COINS. 


Standard 
weight. 

Legal  mn. 
weight. 

Leeftl  min. 
weight. 

Legal 
'  remedy.' 

Diam.of 
coin. 

TfaiokneM 
of  coin. 

Penny    

gn.  pti. 

145-883 
87-500 
43*750 

ftn.  pti. 

148*749 
89*250 
44-626 

gra.  pti. 

142  9 16 
85-750 
42675 

gra.  pts. 
2-916 
1*750 
0-075 

iochee. 
1-200 
1*000 
0*800 

inohea. 
00555 

Halfpenny.... 

0-0512 

FfUF^Mng    

0*0384 

To  the  foregoing  tables,  which  deal  with  the  whole  of  the 
coinage  of  Great  Britain  as  at  present  issued  from  the  Mint,  it 
may  not  be  improper  to  append  similar  particulars  in  reference 
to  the  copper  coins,  which  are  fast  disappearing  from  circulation. 
A  comparison  between  the  new  bronze  and  the  old  copper 
pieces  of  money,  of  which  such  a  course  permits,  the  institution 
will  exhibit  palpably  the  economy  of  metal  in  the  constitution 
of  the  former  :— 

OLD.  COPPER   COINAGE. 


Denomination  of  Coin. 

Standard 
weight. 

Legal  max. 
weight. 

Legal  min. 
weight. 

Legal 
•  remedy.' 

I>iiun.of 
coin. 

Thidmeas 
of  ooin. 

Penny    

grs.  pti. 

291-666 

145-0  3 

72-916 

gra.  pti. 

298*958 

149*479 

74-739 

gn.  pts. 

284875 

142-187 

71-093 

gra.  pts. 
7-291 
3-645 
1-822 

inches. 
1-838 
1-104 
0-875 

inches. 
0-0937 

Halfpenny 

0-0781 

Farthinff    

0-0556 

*  Crowns,  half-crowns,  and  groats,  are  omitted  from  this  list,  because  none 
hare  been  struck  at  the  Mint  for  many  years  past,  and  they  may  therefore  be 
deemed  obsolete. 
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It  will  be  observed  that  the  legal  remedy  allowed  upon  gold 
coins  is  very  small,  that  that  upon  silver  coins  is  somewhat 
larger,  whilst  the  legal  remedy  upon  bronze  and  copper  money 
permits  a  rather  wide  range  above  and  below  the  actual 
standard.  The  rule  at  the  Mint,  however,  in  each  case,  is 
to  divide  the  actual  differences  as  nearly  equally  as  possiblo 
between  the  two  extremes.  The  result  is  that,  on  large  quan« 
tities  of  coin,  a  theoretical  standard  is  attained.  Silver  and 
bronze  coins  are  merely  tokens  of  value,  and  individual  varia* 
tions  between  the  particular  coins  of  each  respective  denomina- 
tion are  of  comparatively  little  consequence.  With  regard  to 
gold  the  matter  is  differently  based.  The  sovereign  and  the 
half-sovereign  are  intrinsically  and  nominally  of  the  same 
respective  viEJue  that  their  names  imply,  and  they  cease  to 
become  leeal  tenders  when  by  abrasion  they  fall  below  a  certain 
weight.  The  weight  at  which  the  sovereign  may  be  refused  by 
the  Bank  of  England  is  grs.  122*500  pts.  Thus  the  allowance 
for  the  wear  and  tear  of  circulation  below  the  minimum  weight 
of  grs.  128*017  pts.  at  which  it  may  have  been  issued  from  the 
Mint  is  '517,  or  little  more  than  hau  a  grain.  The  lowest  point 
of  weight  at  which  a  half-sovereira  ceases  to  be  a  legal 
tender  is  grs.  61*255  pts.,  its  minimum  weight  at  the  Mint 
having  been,  as  shown  above,  ots.  61*508  pts.  It  is  not 
often  that  the  Bank  or  any  individual  is  so  scrupulously  exact 
as  to  draw  the  line  of  demarcation  at  the  precise  points  indi- 
cated, though  the  law  would  justify  such  a  proceeding. 

Having  thus  endeavoured  to  explain  the  origin  and  to 
demonstrate  the  importance  of  the  weighing  operation  in  the  art 
of  coining,  we  may  proceed  further  to  state  that,  prior  to  the 
year  1 851 ,  the  whole  of  the  gold  and  silver  planchets  produced 
at  the  Royal  Mint  were  weighed  by  workmen  employed  there, 
and  known  as  *^  sizers.^'  These  occupied  a  large  room  in  the 
estabUshment,  from  which  currents  of  air  which  might  disturb 
their  balances  were  carefully  excluded,  and  they  were  each 
BuppUed  with  a  tiny  pair  of  scales  and  weights,  resembUng 
somewhat  those  used  by  the  chemist  and  druggist  in  the,  dis- 
pensation of  their  ^^  medicinal  gums.^'  To  each  sizer  was 
apportioned  a  certain  quantity  of  planchets,  and  he  became  the 
arbiter  of  their  destiny.  The  ''too  heavy^'  pieces  were  thrown 
on  one  side,  to  be  reduced  in  some  cases  by  filing,  and  then 
re-weighed,  and  the  "  too  light"  pieces  on  the  other  side,  for 
relegation  to  the  melting-house.  The  medium  planchets  were 
passed  into  a  receptacle  placed  near  at  hand  to  catch  them. 
Constant  practice  induced  among  the  sizers  a  certain  amount  of 
accuracy  m  their  operations.  But,  towards  the  close  of  a  day's 
work  it  not  unfrequently  happened  that  their  eyes  and  fingers 
grew  tired  of  watching  and  moving,  and  a  reckless  admixture 
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of  ^'  too  heavy,"  ''  too  light/'  and  '^  medium"  planchets  was  the 
consequence. 

In  1851  the  knell  of  this  imperfect  system  of  weighing  was 
sounded.     The  Company  of  Moneyers,  who  had  long  enjoyed  the 
profitable  privilege  of  coining  the  moneys  of  the  realm,  and  who 
traced  the  existence  of  predecessors  filUng  similar  posts  back  to 
the  days  of  the  Heptarchy — fell,  under  the  pressure  of  a  Royal 
Commission,  and  were  pensioned  off.     The  Mint  thus  came 
entirely  into  the  hands  of  the  Government.     Sir  John  Herschel 
was  appointed  Master,  and  Captain  Harness,  R.B.  (now  Colonel, 
C.B.),  Deputy  Master  of  the  Mint,  and  the  last-named  gentle- 
man employed  himself  energetically  and  skilfully  in  re-organiz- 
ing the  establishment  on  a  new  footing.     Two  clerks  and  two 
mechanics  were  appointed  to  succeed  in  the  performance  of  the 
duties,  though,  unfortunately  for  themselves,  not  to  anything 
resembling  the  emoluments  of  the  Moneyers,  and  in  November, 
1851,  the  first  coinage  of  gold  under  the  Government  regime 
commenced.     Several  millions  of  sovereigns  were  struck  by  the 
following  Christmas,  and  very  soon  the  new  Moneyers,  as  they 
may  be  termed,   became  masters,  of  their  work.       Captain 
Harness  was  not  long  in  discovering  the  fallibility  of  the  mode 
of  sizing  which  had  been  for  many  centuries  before  pursued ; 
and,  as  Mr.  Cotton,  of  the  Bank  of  England,  aided  by  the 
mechanical  genius  of  Mr.  James  Napier,  had  already  devised 
and  patented  «tn  automaton  balance  for  the  dietection  and  rejec- 
tion of  light  gold,  the  Captain  determined,  if  possible,  to  make 
the  apparatus  available  for  minting  purposes,  and  thus  to  super- 
sede the  time-honoured,  but  very  inadequate  and  unsatisfactory 
practice  of  hand-weighing.     Mr.  Napier  was  consulted,  and 
that  eminent  mechanist  was  not  long  in  reaUziug  the  aspira- 
tions of  Captain  Harness.     In  a  few  months  several  automaton 
balances  were  prepared  for  the  Mint.     It  was  essential  that 
these  should  be  so  constructed  as  that  they  should  be  capable  of 
separating  the  light  and  heavy  planchets  from  those  .which 
were  of  the  medium  weight,  and  it  will  be  at  once  understood, 
therefore,  that  this  exigency  demanded  further  complexity  in 
the  machines  than  was  apparent  in  the  Bank  automatons.     The 
Bank  had  no  objection  to  too  heavy  coins ;  their  dislike  was 
simply  confined  to  those  which  were   too  light,   and  their 
machines  had  only  to  reject  such  as  '^when  weighed  in  the 
balance"  were  "  found  wanting."     Mr.  Napier  solved  the  more 
difficult  problem  in  the  manufacture  of  the  automatons  for  the 
Eoyal  Mint.     Experiments  in  his   own  factory   in  the  first 
instance  enabled  him  to  do  this,  and  when  the  machines  were 
transferred  to  the  Mint,  they  were  accordingly  found  to  perform 
their  onerous  and  deUcate  functions  with  unerring  exactitude. 
It  became  a  question  of  some  moment  as  to  what  part  of  the 
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establishment  the  new  and  silent^  but  most  efficient  coiners' 
assistants  should  occupy  on  their  arrival  at  Tower  Hill. 
Above  all  things  it  was  important  that  they  should  be  undis- 
turbed in  their  vocation  by  the  tremor  or  vibration  of  the 
powerful  steam  engines  and  ponderous  machinery  engaged  in 
the  reduction  of  bar  gold  into  planchets,  or  by  the  heavy  and 
continuous  beatings  of  the  coining-presses^  which  finally  con- 
verted those  planchets  into  coin.  A  large  room,  on  the  base- 
ment story  of  the  Coining  Department  buildings,  and  which 
had  been  used  as  a  kind  of  gigantic  "  what-not/'  or  magazine 
for  the  reception  of  odds  and  ends  of  every  kind,  by  the 
Moneyers,  appeared  to  offer  peculiar  attractions,  and  finally  the 
n^^.rine  stores  within  it — ^the  accumulations  of  half-a-century 
nearly — ^were  displaced  and  disposed  of  in  order  to  make  way 
for  the  incoming  tenants.  The  room  was  lofty,  large,  and  light ; 
and,  singularly  enough,  it  was  situated  immediately  beneath 
the  old  sizing-room,  the  operations  of  which  the  automatons 
were  intended  to  supersede.  A  short  time  sufficed  to  effect  a 
marvellous  transformation  in  the  internal  aspect  of  the  future 
weighing-room.  Its  dingy  and  dirty  walls  and  ceihngs,  covered 
by  spiders'  webs  and  honeycombed  by  age,  were  cleansed 
and  renovated.  A  longitudinal  trench  of  considerable 
depth  was  dug  in  it,  and  this  afterwards  filled  in  with 
concrete  and  stone,  served  as  a  foundation  for  the  weighing 
balances.  So  far  as  isolation  of  position  was  concerned,  this 
arrangement  was  perfect,  and  a  line  of  low  cast-iron  tables — 
rather  too  low,  perhaps,  for  the  convenience  of  the  attendants — 
was  speedily  implanted  on  the  soUd  foundation.     These  tables, 

i)laned  on  their  upper  surfaces,  which  were  made  to  a  ^^  dead 
evel,"  were  not  long  unoccupied.  The  automatons,  in  plate- 
glass  and  brass  frames^  soon  gUstened  upon  the  tables,  and, 
at  a  first  glance,  reminded  one  forcibly  of  as  many  skeleton 
drawing-room  clocks  arranged  for  inspection  or  sale.  In  order 
to  communicate  motion  to  them,  a  line  of  small  bright  wrought- 
iron  shafting,  supported  by  neat  pendants  of  cast-iron  attached 
to  the  ceiling,  and  upon  which  were  hung  brass  three- 
motion  pulleys,  was  made  to  span  the  length  of  the  room.  The 
shafting  was  immediately  and  high  above  the  line  of  machines, 
and  fine  gut  bands,  passing  over  its  pulleys,  descended  to 
corresponding  pulleys  on  the  main  driving  spindles  of  the 
automatons.  Tne  lower  series  of  pulleys  were  immediately 
outside  the  machine  cases  through  holes  in  which  the  spindles 
ran,  and  a  small  brass  weight,  lever,  and  friction  wheels  were  so 
attached  as  to  tighten  the  bands  sufficiently  to  give  constant 
motion  to  the  coin-feeding  slides,  etc.,  of  the  tiny  con- 
trivances within.  A  series  of  thumb-screws  were  added,  for 
the  application  of  pressure  great  enough  to  stop  the  action  of 
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each  machine  at  a  moment's  notice.  The  withdrawal  of  the 
pressure  permitted  them  to  resume  their  duties  at  the  same 
brief  notice. 

In  a  remote  comer  of  the  room  was  placed  the  direct,  though 
in  itself  secondary,  motive  power — ^a  small  atmospheric  engine. 
This  was  constructed  so  as  to  resemble  very  closely  a  high- 
pressure  steam  engine.  It  had  cyhnder,  piston,  slides,  Hy* 
wheel,  and  governor.  Beneath  the  cylinder,  and  forming  its 
bed-plate  indeed,  was  a  vacuum-chamber  of  considerable  di- 
mensions. This  could  be  exhausted  by  an  air-pump,  with 
which  a  two-inch  pipe  connected  it ;  whilst  the  extent  of  rare- 
faction within  it  was  made  controllable  by  means  of  a  steelyard 
relief- valve,  and  a  barometer-gauge  placed  on  the  exhaust-pi|}e. 
The  air-pump  was  the  same  which  gave  motion  to  the  pneu- 
matic apparatus  of  the  coining-presses.  It  was  on  the  double- 
acting  principle — ^that  is,  it  exhausted  in  both  up  and  down 
strokes,  and  had  many  peculiarities  to  distinguish  it  from 
ordinary  air-pumps.  The  writer  may  fairly  tate  some  credit 
for  its  invention  and  introduction  to  the  Royal  Mint.  Return- 
ing to  the  atmospheric  motor  of  the  automatom  weighing 
balances,  it  must  be  further  said  that  when  its  vacuum-chamber 
was  exhausted,  and  the  opening  of  a  cock  in  the  exhaust-pipe 
caused  it  instantaneously  to  be  so,  it  was  only  necessaiy 
further  to  move  the  fly-wheel  slightly  (so  as  to  turn  the  crank 
of  the  engine  past  the  centre)  in  order  to  put  it  in  motion. 
A  stream  of  air  from  the  room  rushed  immediately  through  a 
small  brass  tube,  having  a  trumpet-mouth,  into  the  cylinder, 
and  acted  upon  the  piston,  as  steam  from  the  boiler  in  an  or- 
dinary engine  would  act.  Fastened  to  the  arms  of  the  fly- 
wheel was  a  pulley,  and  a  strap  from  this  passing  round  a 
similar  puUey  gave  motion  to  the  overhead  shaft. 

We  have  gone  thus  minutely  into  a  description  of  the  propel- 
ling arrangements  of  the  weighing  balances,  because  they  are 
unique,  and  they  combine  perfect  isolation  with  perfect  regu- 
larity of  motion.  The  varying  speed  of  the  general  machinery  of 
the  establishment  cannot  affect  that  of  the  atmospheric  engine 
and  the  shafting  it  drives,  because  a  uniform  vacuum  is  preserved 
in  the  vacuum-chamber  of  the  former,  and  the  air  exerts  a  con- 
stant pressure  on  its  piston.  This  uniformity  is  a  dne  quanon 
for  correct  weighing.  As  the  mind  of  a  judge  in  a  court  of 
justice  must,  if  his  decisions  are  to  be  just,  be  unswayed  by 
passion  or  prejudice,  so  must  the  mute  judges  of  the  Mint 
planchets  of  gold  or  silver  be  undisturbed  in  their  action,  if 
their  sentences  are  to  be  truthful  and  worthy  confirmation.  We 
have  said  that  the  law  of  gravitation  is  infallible ;  it  is  so,  but 
it  must  be  allowed  fair  play  and  perfect  freedom  to  ensure  in- 
fallibiUty.     In  the  Mint  balances  it  is  the  ruling  power,  but 
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thai;  power  must  not  be  tampered  with.  Balances  must  not 
be  Harried  in  their  movements.  It  is  said  that  those  who 
think  twice  before  they  speak  once^  will  speak  twice  the 
better  for  it;  but  certainly  the  balance  which  is  allowed 
due  time  for  acting  will  yield  far  more  truthful  results 
than  that  which  is  not.  One  of  the  great  principles  of  the 
automaton^  therefore^  is  deliberation^  the  other^  regularity  of 
motion.  Let  us  now  proceed  to  show  how  mechanical  arrange- 
ments give  practical  force  to  both  principles. 

"We  will  imagine  that  a  large  number — say  10,000  ounces 
weight,  for  example — of  sovereign  planchets  have  reached  the 
weighing-room.  They  are  first  weighed  in  bulk,  because  it  is 
necessary  that  a  check  should  exist  upon  the  few  workpeople 
who  are  to  be  entrusted  with  the  task  of  feeding  the  automatons^ 
and  then  commences  their  distribution  among  the  machines, 
each  of  which  is  supplied  with  a  brass  spout,  twenty  inches 
long,  and  placed  at  an  angle.  In  these  spouts  roleaux  of  plan- 
chets are  carefully  deposited,  the  lowest  planchet  in  each  case 
resting  on  the  top  of  the  machine,  and  the  others  supported  in 
regular  order,  planchet  upon  planchet,  above  it.  Now,  there- 
fore, all  is  ready  for  action,  and  the  automatons  simply  require 
that  a  small  coupling  upon  each  of  their  main  spindles  shall,  by 
the  pressure  of  the  thumb  and  finger  of  an  attendant,  be  made 
to  revolve  with  the  loose  pulleys  upon  them.  Possibly  it  may 
simplify  and  render  more  inteUigible  our  description  if  we 
single  out  one  balance  for  illustration  j  and  here  it  may  be  also 
said  that  the  whole  theory  of  the  automatic  weighing  machines 
depends  upon  the  fact  that  the  centre  of  gravity  and  the  centre 
of  action  of  its  beam  are  in  one  line,  or  on  one  level.  Either 
centre  being  disturbed,  the  balance  will  be  no  longer  equal. 
The  beam,  which  is  of  well-tempered  steel,  is  8*90  inches  in 
len^h,  and  weighs  288*41  Troy  grains.  Its  knife  edges  find 
their  own  resting-places  upon  curved  loops  of  steel  beneath 
them,  and  as  the  points  of  contact  are  small,  the  friction  is 
minimized.  The  beam  is  supported  immediately  below  the 
feeding-spout  or  hopper,  and  is  preserved  from  dust  by  being 
covered  with  a  brass  plate.  Above  the  upper  part  of  one  end 
of  the  beam — ^that  immediately  in  advance  of  the  foot  of  the 
hopper-— is  seen  a  flat  disc  of  polished  steel,  sliirhtly  lars^er  in 
diSlter  than  a  sovereign  pJchet.  This  i^  in^facftheW 
pan,  and  it  forms  the  upper  part  of  a  fine  steel  rod,  delicately 
poised,  and  readily  moved  by,  or  moving  the  beam.  Above 
the  opposite  end  of  the  beam  depends  another  steel  rod, 
and  this,  finishing  with  a  cage  at  the  base  of  the  machine, 
carries  a  glass  counterpoise  of  the  minimum  legal  weight 
of  a  sovereign.  Below  the  cage,  but  not  attached  to  it,  is 
a  ''stirrup,''  in  which  rests  a  piece  of  platinum  wire  of  the 
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precise  weight  of  the  legal  difference  or  remedy  allowed 
between  B^vereigns  as  a  compensation  for  imperfection 
of  workmanship — namely,  the  514th  part  of  a  grain.  Sup- 
posing, now,  the  machine  to  be  started,  the  first  action  is 
that  caused  by  a  cam  attached  to  the  main  spindle,  and  it 
consists  in  a  smaU  slide,  slightly  thinner  than  a  sovereign, 
being  pushed  below  the  hopper,  and  forcing  forward  a  planchet 
to  the  scale-pan  or  disc.  There  it  rests  for  about  three  seconds, 
and  its  exact  weight  is,  during  the  brief  interval,  noted  by  the 
automaton.  If  that  weight  exceeds  the  legal  maximum,  it 
depresses  the  end  of  the  beam  upon  which  it  rests,  and,  as  a 
consequence,  raises  the  opposite  end  with  its  stirrup  and  remedy 
wire.  The  planchet  is  thus  proved  to  be  too  heavy,  and  as  a 
flattened  tube  vibrates  below,  it  is  pushed  into  this  by  its  suc- 
cessor on  the  scale-pan — ^another  planchet.  The  lower  orifice 
of  the  tube  passes  in  its  vibrations  over  the  spaces,  or  slots,  and 
these  lead  into  three  compartments,  known  as  ''  light,'' 
'^ medium,''  and  ''heavy"  boxes.  At  the  instant  the  too 
heavy  planchet  was  dismissed  into  the  tube,  the  lower  mouth 
of  the  latter  was  held  by  a  mechanical  finger,  governed  by  the 
movement  of  the  beam,  over  the  inner  or  too  heavy  box,  and 
into  this  the  rejected  claimant  for  sovereignty  falls.  The  next 
planchet  may  be  imagined  to  err  on  the  other  side  of  the 
standard,  and  to  be  too  Ught.  In  this  case  the  beam  vnll  be 
raised  by  the  glass  counterpoise,  and  the  tube,  by  the  agency 
referred  to,  vnll  conduct  the  condemned  piece  of  gold  into  the 
too  light  box.  When  a  medium  or  acceptable  planchet  arrives 
on  the  scale-pan,  the  beam  will  maintain  a  rigid  equilibrium, 
and  the  succeeding  planchet  wiU  push  it  into  the  tube,  which 
having  its  mouth  held  over  the  central  or  medium  slot,  will 
conduct  the  accepted  suitor  into  the  medium  box.  In  this  way 
the  automaton  judges  try  and  acquit  or  pass  sentence  of  con- 
demnation upon  fdl  the  planchets  submitted  to  their  notice. 
They  are  thus  constituted  mute  arbiters  of  the  other  mechanical 
operations  of  the  Mint,  and  they  take  care  at  once  of  the  public 
and  the  Mint's  interests.  It  is  not  possible,  so  long  as  their 
intervention  is  secured,  for  light  sovereigns  to  pass  into  circu- 
lation, nor  for  the  Master  of  the  Mint  to  waste  the  precious 
material  of  which  they  are  composed,  by  issuing  heavy  ones. 
The  automatons  hit  the  happy  medium,  and  ''  hold  the  balance 
fairly"  between  manufacturer  and  consumer.  Parsimony  and 
excessive  liberality  are  alike  unknown  to  them ;  they  are  just^ 
but  not  o'er  generous. 

Finally,  it  may  be  observed  of  the  system  of  automatic 
weighing  at  the  Mint,  that  it  is  as  near  perfection  as  possible. 
It  is  also  economical  in  the  highest  degree  j  for  though  each 
machine  employed  cost  a  fraction  over  £200,  they  have — ^to  use 
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a  oommon  expression  well  understood — ^paid  for  themselves 
over  and  over  again  in  the*  saving  of  waees  and  of  gold 
effected  by  their  use.  The  maximum  number  of  planchets 
which  the  automatons  can  satisfactorily  ^'  dispose  of  ^'  in  a  day 
amounts  to  200^000^  and  the  average  per  cent,  of  rejected  may 
be  set  down  at  five.  At  the  close  of  each  day  the  whole  pro- 
ceeds are  weighed  up  in  bulk — the  good  planchets  being  after- 
wards forwarded  for  stampings  and  the  bad  returned  to  the 
crucible  for  re-melting.  An  attempt  has  been  made  to  save 
some  of  the  ''  too  heavy,^'  as  brands  from  the  burning,  by 
filing  and  scraping  their  edges  in  a  noisy  machine;  but  the 
value  of  the  process  is  questionable.  K  their  surfaces  could  be 
touched  in  a  discriminating  way  by  means  of  a  file^  or  cutter^ 
the  case  might  be  different.  As  it  is,  the  coins  are  likely  to 
suffer  artistically  by  the  use  of  the  scraper,  and  this  is  an 
imdue  price  to  be  paid  for  a  problematical  advantage.     We 

give  at  p.  73  an  illustration  representing  one  of  the  Automaton 
alances  of  the  Mint,  the  artist  having  removed  a  portion  of 
the  "case'^  so  that  the  "  works  ^'  may  be  the  better  seen. 


THE  EARTHQUAKE  AT  MENDOZA,  20th  MARCH,  1861. 

BT  WM.   BOUJLEBT. 
(WUh  a  Tmted  TlaU,) 

I  AM  indebted  to  my  fi^iend  Major  Bickard,*  who  visited 
Mendoza  in  May,  1862,  for  the  admirable  photographic  view  of 
the  devastation  occasioned  by  the  dreadftd  earthquake  which 
occurred  on  the  20th  March,  1861,  and  which  is  excellently 
shown  in  the  annexed  plate,  and  also  for  a  remarkable  letter 
written  by  Don  Domineo  de  Oro,  a  gentleman  who  was  buried 
for  five  hours  beneath  the  ruins  of  the  city,  and  containing  many 
interesting  and  hitherto  unpublished  facts.  I  have  translated 
this  letter  from  the  original  Spanish,  believing  that  it  would  be 
acceptable  to  English  readers;  but  before  introducing  Don 
Domingo^s  terrible  recital,  I  will  offer  a  few  remarks  relative  to 
the  city  and  province  of  Mendoza,  and  make  the  narrative  more 
complete  by  citations  from  other  letters  written  from  the  scene 
of  the  disaster. 

Mendoza  is  situated  in  32'  52'  S.  lat.,  69*  6'  W.  long.,  4891 
feet  above  the  level  of  the  sea,  and  at  the  eastern  foot  of  the 

*  See  A  Mining  Journey  acros*  the  Oreai  Andes,  with  ExplorationB  in  the 
Silrer  Mining  Biatricts  of  San  Juan  and  Mendos%  hj  Migor  F.  J.  Biokard»  F.Gh.S., 
etc.  9tc,-~8mUh,  JSlder,  4*  Co.,  1863. 
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Great  Andes.  It  is  shut  out  from  any  view  of  the  Cordillera 
by  a  range  of  lower  mountains  which  mtervene.  The  appear- 
ance of  the  city  before  the  earthquake  was  neat  and  cheerful^ 
the  houses  of  one  story,  with  porticoes,  mostly  built  of  adobes,  a 
sun-dried  brick,  plastered  and  whitewashed,  and  the  streets  laid 
out  at  right  angles.  Its  Alameda  or  public  walk  was  equal  to 
anything  of  the  kind  in  South  America,  being  nearly  a  mile  in 
length,  nicely  kept,  and  shaded  by  rows  of  magnificent  poplars, 
or  alamos,  from  which  its  name. 

The  climate  is  delightM  and  salubrious,  although  goitre 
affects  a  few.  The  population  of  the  city  before  its  destruc- 
tion was  some  16,000  souls,  about  one-third  of  that  of  the 
whole  province.  The  Province  of  Mendoza  occupies  a  space 
of  150  miles  N.  and  S.,  along  the  eastern  side  of  the  Cordillera 
of  the  Andes,  and  about  as  much  E.  and  W.  It  produces 
wine,  brandy,  raisins,  figs,  wheat,  flour,  hides,  tallow,  soap,  etc. 
Of  its  mines,  those  of  silver  at  XJspallata  are  important ;  and 
among  its  mineral  products  are  reckoned,  copper,  limestone, 
gypsum,  alum,  mineral  pitch,  bituminous  shales,  coal  (probably 
tertiary),  slates,  fire-clays,  saline  deposits,  including,  it  is  said, 
nitrate  and  sulphate  of  soda,  and  indications  of  borax. 

In  the  Andean  region  of  this  province,  in  a  N.W.  direction 
from  Mendoza,  is  the  volcano  of  Aconcagua,  more  than  23,000 
feet  above  the  sea;  that  of  Tupungato,  to  the  S.W. ;  that  of 
Maipu,  to  S.S.W.  (15,000  feet);  and  that  of  Peteroa,  S.  of  the 
Maipu. 

Having  thus  made  the  reader  acquainted  with  the  locahty, 
I  will  leave  the  following  extracts  from  letters  to  tell  the  story 
of  the  disaster  :— 

''Mendoza,  March  22nd,  1861. 

"  This  city  was  visited  by  an  awful  earthquake,  at  8*45  p.m. 
the  evening  of  the  20th  inst.  In  seven  or  eight  seconds 
the  whole  city  and  habitations  in  the  vicinity  were  in  ruins, 
beneath  which  disappeared  about  two-thirds  of  the  population, 
say  12,000.  I  assisted  to  save  Don  F.  Garfia,  who  had  been 
ten  hours  buried  under  ruins,  two  yards  in  depth.*' 

Another  person  writes  on  same  date : — ''  I  have  only  lost  two 
of  my  children  and  the  nurse.  My  wife  and  the  rest  of  the 
family  were  buried  for  a  time,  but  we  got  them  out,  they  are 
much  hurt.'' 

On  the  24th,  another  letter  says: — ^'At  8*45  p.m.,  the 
Teremoto  or  severe  earthquake  took  place.  In  a  moment, 
three-fourths  of  the  city  was  in  ruins ;  the  greater  portion  of 
the  inhabitants  are  victims.  The  21st,  22nd,  and  23rd,  the 
shocks  continued  at  intervals,  when  the  remainder  of  the  houses 
fell.  The  few  inhabitants  left  alive  are  doing  their  best  to 
search  for  and  rescue  the  buried  ones* 
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The  earthquake  moyement  came  from  south  and  east^  and 
was  impelled  to  north  and  west ;  these  movements  continuing 
about  five  or  six  seconds.  This  once  smiling  city  is  now  level 
with  the  plain.  Although  I  was  wounded  by  the  falling  of  a 
wall^  I  exerted  myself  in  the  hope  of  assisting  others.  I  heard 
groans  and  calling  for  help  from  beneath  me  at  every  step. 
Some^  who  appeared  to  have  lost  their  senses^  screamed  for  their 
fathers^  mothers,  brothers,  sisters,  wives,  husbands,  children 
and  friends.  Men,  women,  and  cluldren  were  dragging  at  the 
robes  of  a  priest,  praying  for  absolution.  I  saw  heaps  of 
mutilated  fellow-creatures,  I  heard  their  dying  and  despairing 
groans. 

''  In  a  few  days  I  fear  the  few  who  have  been  spared  will 
become  victims  to  the  knife  of  the  assassin-robbers.  Putrefac- 
tion of  the  dead  bodies  has  commenced,  and  we  have  but  little 
food. 

"  Just  after  the  great  shock,  I  went  to  the  public  walk,  where 
I  beheld  a  group  praying  round  a  monk,  who  instead  of  com- 
forting  assured  them  that  flames  and  burning  sulphur  would 
soon  consume  them,  beseeching  all  to  repent  and  pray.  This 
was  not  my  opinion ;  I  urged  the  desponding  party  to  be  up  and 
doing  in  aid  of  those  who  were  buried  amongst  the  ruins.     My 

friends  P and  C had  been  buried  alive  for  an  hour, 

whilst  striving  to  save  a  child,  and,  although  separated^  could 

converse  finely.     '  I  fear  we  are  lost,^  said  P .     '  I  believe 

we  are,'  replied  C .     ^  Had  we  not  better  try  to  sleep,  and 

so  not  feel  the  agonies  of  death  V  '  Perhaps  we  had  better  do 
so.  Farewell,  farewell  1  Should  you  be  saved,  say  to  my 
mother  that  in  my  last  moments  I  thought  of  her.  I  will  do 
the  same  for  you,  if  I  am  preserved.  Farewell!'  'Dear 
friend,  I  am  choking  with  the  dust ;  more  walls  are  falling  on 
us ;  I  am  getting  squeezed  more  and  more  down  to  the  earth. 
Let  us  alternately  cry  for  help.     Hark !  I  hear  footsteps  above 

us.'     In  truth,  B had  arrived,  and  heard  the  voice  of  his 

son,   C .     Digging  was  commenced;   but  ere    the    two 

friends  were  got  at,  C had   died.     Many   such  scenes 

occurred  throughout  the  ruins.     Our  friend  Urizar  was  buried 

for  ten  hours.     S was  half  an  hour  below  ground;  his 

position  was  discovered  by  his  dog  'Othello.'  Munoz  was 
saved  by  falling  under  his  horse.  We  hear  frt)m  San  Juan 
(some  50  leagues  to  the  N.  of  Mendoza)  that  the  town  has 
suffered  much ;  the  river  there  has  left  its  bed,  and  inundated 
the  city.  To  the  S.  and  E.  the  earthquake  effects  have  been 
less.  About  a  hundred  years  since  Mendoza  suffered  very 
considerably  from  an  earthquake,  which  is  known  as  the  Tere- 
moto  of  Santa  Rita." 

Seven  or  eight  months  before  this  present  earthquake,  at  a 
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distance  of  four  or  five  leagues  from  Mendoza^  there  were  move- 
ments  of  the  land  sufficient  to  displace  trees ;  there  were  open- 
ings in  the  ground  from  which  came  out  sulphurous  and  saline 
matters.  Two  nights  before  the  earthquake^  at  same  spot^  the 
ground  rose  and  fell. 

The  great  movements  of  the  earthquake  were  from  S.W.  to 
N.E.,  and  then  from  N.B.  to  S.W.,  the  ground  opening  in  many- 
places.  It  was  not  preceded  by  noise  or  rumbling.  The  ground 
seemed  to  rise  or  swell  up.  Twelve  miles  from  the  city  the 
ground  opened  in  a  S.B.  and  N.W.  direction  for  more  than 
three  miles  in  lengthy  and  in  places  two  and  a  half  cuadras 
(375  yards)  wide,  and  saline  waters  were  thrown  out.  On 
the  night  of  the  earthquake,  shocks  occurred  at  intervals  of 
five  or  six  minutes,  up  to  the  sixth  day.  On  the  eighth  day 
they  were  more  frequent,  then  diminished  in  number  again. 
The  shocks  were  accompanied  by  sounds  like  the  firing  of 
cannon.  Under  Mendoza  there  seems  to  be  a  large  hollow, 
and  people  have  an  idea  that  there  is  much  water  in  it.  It  is 
said  that  a  nun  was  got  out  alive  after  eight  days^  burial,  but 
she  died  shortly  afterwards. 

It  was  reported  that  a  French  watchmaker  in  Buenos 
Ayres  (which  is  about  550  geographical  miles  a  little  S.E. 
from  Mendoza*)  observed  the  pendulum  of  his  clocks  much 
afiected  at  about  9  p.m.  on  the  night  of  the  earthquake. 

On  the  29th  March,  1861,  Mr.  R.  F.  Budge,  of  Valparaiso, 
communicated  to  the  writer  of  this  paper  as  follows,  on  the 
subject  of  the  Mendoza  earthquake :  ''I  noted  in  my  catalogue 
of  earthquakes  this  one,  not  from  the  strength  of  it  here  on  the 
20th  inst.,  at  8.35t  p.m.,  but  from  its  duration,  which  led  me 
to  believe  that  we  should  soon  hear  of  a  dreadful  catastrophe  at 
some  distant  place  in  Chile.  On  the  25th  an  express  arrived 
from  Mendoza,  announcing  that  it  had  been  totally  ruined, 
the  great  shock  having  occurred  there  at  8.45  p.m.,  lasting 
less  than  a  minute,  which  was  the  time  I  noted  here.  Two 
pendulum  clocks,  beating  N.  and  S.,  stopped." 

Since  March,  1861,  occasional  shocks  have  been  experi- 
enced at  Mendoza.  In  a  Buenos  Ayrean  paper  of  January, 
1863,  it  is  stated  that  Mendoza  was  lately  visited  by  rather  a 
severe  series  of  shocks.  The  new  town,  rising  out  of  the  ruins 
of  1861,  is  constructed  of  wood. 

I  wiU  now  give  the  translation  of  a  letter  of  Don  Domingo 
de  Oro,  which  is  a  very  remarkable  record  of  the  thoughts  and 
feelings  of  a  man  buried  alive  for  more  than  five  hours : — 

*  Heooe  it  would  seem  that  the  undnlatioii  took  fifteen  minutee  to  trayel  660 
geographical  milefl. 

t  In  this  instance,  140  geomphical  miles  in  ten  minutes.  In  the  one  case,  it 
trayelled  along  the  Pampas  of  Bnenos  Ayres ;  in  the  other,  through  the  Andes. 
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'^  To  Majob  F.  I.  BiCKABD^  Inspector-Greneral  of  Mines^  etc.^  etc. 

^'  Buenos  Ayebs,  December  13,  1862. 

''My  dear  Sir, — ^In  confonniiy  with  my  promifie,  I  will  try 
to  narrate  to  you  my  impressions  as  well  as  my  reflections  on 
the  Bubject  of  the  horrible  night  of  the  20th  March,  1861,  in 
Mondoza.  I  will  do  my  best  to  give  yon  an  account,  in  the 
plainest  terms  possible,  of  one  of  tiie  most  dreadM  occurrences 
on  record. 

''  It  was  about  a  quarter  to  nine  at  night.  I  was  at  the 
house  of  Don  MeUton  Arroyo,  in  an  apartment  near  to  the 
street,  in  company  with  my  relative,  Pedro  Zavalla.  The 
house  was  in  the  '  Calle  del  Cormercio,'  a  cuadra  and  a  half 
(225  yaras)  from  the  public  promenade.  I  was  standing,  and 
about  to  proceed  for  my  customary  evening  walk,  when  there 
was  heanl  a  loud  cracking  in  the  roof  of  the  house.  The 
rumbling  sound  which  generally  precedes  an  earthquake  was 
heard  in  the  city,  but  not  by  us ;  still  we  felt  perfectly  satisfied 
as  to  the  cause  of  the  creeping  in  the  roof  of  the  house,  and 
Zavalla  cried  out  'Temblor,'  or  earthquake;  'and  a  strong 
one  too,'  I  exclaimed,  running  towards  the  door,  so  as  to  get 
into  the  street ;  and  a  few  quick  steps  brought  me  there,  when 
I  passed  onwards  towards  tne  promenade. 

"  The  upper  portion  of  the  house  of  Arroyo,  which  was  of 
one  story,  bulged  out  and  fell  to  the  ground  to  my  left,  a  little 
in  advance  of  me.  At  this  moment  I  lost  the  hope  of  being 
able  to  arrive  at  the  nearest*  intersection  of  the  streets,  at  which 
point  I  thought  to  escape  and  save  my  life.  At  times  it 
happens  that  one  gives  utterance  to  one's  thoughts,  or  we 
tiink  aloud ;  so  I  went  onwards,  repeating,  '  it  is  impossible 
to  be  saved,'  when,  as  if  to  confirm  my  words,  I  received  a 
violent  blow  firom  behind,  which  struck  the  upper  part  of  my 
right  leg,  when  I  was  thrown  with  my  face  to  the  ground,  and 
my  arms  extended.  I  felt  at  the  same  moment  that  I  was 
being  covered  up  with  weighty  earthy  matters,  and  was 
stretched  out  on  the  path.  A  second  afterwards  I  heard  the 
noise  of  heavy  bodies  falling,  some  of  which  increased  the 
weight  of  materials  above  me.  Shortly  I  heard  a  terrible  and 
prolonged  noise,  one  of  the  efiects  of  a  severe  earthquake 
shake. 

"  I  had  not  lost  the  use  of  my  senses  in  any  way,  but  the 
idea  rushed  upon  me  that  the  whole  city  was  in  ruins.  Although 
the  weight  above  me  was  very  great,  and  my  face  forced 
down  upon  the  path,  I  could  breathe  sufficiently  to  prevent 
Bufibcation.  As  1  felt  no  acute  pain  in  any  part  of  my  body,  I 
thought  I  was  not  wounded,  and  that  above  me  the  layer  of 
ruins  might  not  be  very  thick.    I  now  tried  to  move  my  legs 
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and  arms,  but  this  I  could  not  do,  for  I  was  part  and  parcel,  as 
it  were,  of  the  solid  material  in  which  I  was  buried.  I  had  no 
doubt  but  that  my  last  hour  was  near  at  hand. 

'^  I  now  heard  a  human  voice ;  it  was  that  of  my  poor  friend 
Zavalla,  beseeching  assistance.  He  had  followed  me,  and 
had  pariicipated  in  my  fate;  but  he  was  in  a  much  more 
lamentable  position,  I  did  my  best  to  cry  out  to  him  not  to 
waste  his  breath,  except  when  he  heard  any  one  walking 
aboye  him,  and  then  to  make  all  possible  oflTers  to  any  one  who 
would  assist  to  extricate  him  iSrom  his  living  tomb.  He  re- 
plied to  me ;  and  tiien  I  heard  him  at  intervals  utter  uncon- 
nected words,  then  inarticulate  sounds,  by  which  I  supposed  he 
must  be  in  the  agonies  of  death,  and  then  followed  an  eternal 
silence,  as  far  as  my  poor  friend  Zavalla  was  concerned. 

"  My  reflections  now  became  painful  indeed.  Subterranean 
noises  were  heard,  and  shakings  of  the  earth  were  felt.  I  at 
times  supposed  the  spot  in  which  I  was  buried  would  sink 
into  an  abyss,  or  that  the  crater  of  a  volcano  would  burst  out 
there.  I  knew  that  in  such  like  earthquakes  destructive  fires 
were  known  to  break  out,  and  that  there  might  be  one  near  to  me; 
that  the  great  dcequia,  or  watercourse,  in  the  public  promenade 
might  be  obstructed  by  ruins,  its  waters  would  run  over,  and  so 
get  amongst  and  under  the  ruins,  in  which  case  I  should  be 
drowned  within  my  sepulchre.  Admitting  that  nothing  of  this 
occurred,  to  whom  was  I  to  look  for  help  ?  My  friends  in 
Mendoza  were  few,  and  some  of  them,  like  myself,  were  doubt- 
less in  a  similar  position ;  others  would  have  themselves  and 
families  to  look  after ;  then,  in  such  circumstances  would  people 
think  of  their  friends  before  their  relatives  ?  if  they  did,  how 
were  they  to  divine  where  I  was  ?  If  people  were  Ipoking  for 
me,  how  was  I  to  make  my  position  known  ?  for  although  my 
friend  Zavalla  had  heard  my  voice,  and  I  had  heard  his,  this 
was  no  proof  that  I  should  be  heard  through  the  now  increased 
mass  of  ruins  that  covered  me.  It  seemed  that  my  salvation 
in  this  life  was  impossible,  and  I  resigned  myself  to  the  de- 
crees of  Providence.  Then  I  wished  that  the  waters  would 
come  and  drown  me,  so  as  to  shorten  the  period  of  my  misery ; 
and  I  even  recollected  to  have  read  that  miserable  slaves  had 
abridged  their  lives  by  swallowing  their  own  tongues,  and 
was  decided  upon  attempting  it  if  I  found  fire  or  water  ap- 
proach me,  as  this  was  the  only  means  at  my  disposal. 

"Although  it  was  afterwards  discovered  that  I  had  a  broken 
bone,  and  many  wounds,  I  did  not  suffer  any  bodily  pain,  ex- 
cepting from  the  weight  of  stuff  above  me,  heat,  and  insufficient 
respiration.  I  was  indeed  very  sad,  but  not  dejected,  and  I 
prepared  myself  to  separate  from  life  without  becoming  des- 
perate*   The  thought  that  made  me  most  miserable  was  the 
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probability  I  sboxLld  die  of  starvation^  wben  my  life  of  agony 
would  be  prolonged. 

'^  Thus  passed  two  long,  long  hours.  Hope  indeed  fought 
with  my  drooping  spirit.  I  am  neither  devout,  nor  am  I 
impious.  I  did  not  turn  to  God  and  beg  for  a  life  that  ap- 
peared to  me  to  be  quite  out  of  the  order  of  nature  to  grant, 
but  I  did  submit  myself  to  his  decrees ;  and  considering  myself 
as  a  mortal  who  was  going  in  robust  life  to  the  gates  of 
eternity,  I  did  all  I  could  to  calmly  contemplate  my  frightful 
situation,  which  I  may  call  that  of  a  living  corpse. 

''After  a  time  I  heard  a  conversation  between  two  men; 
one  said,  seeing  that  it  was  impossible  to  advance  in  that 
direction  with  a  carriage,  he  would  leave  it  there  and  take  the 
horses  away.  In  a  moment  it  came  to  my  recollection  that  on 
the  previous  day  I  had  been  taken  in  a  hired  vehicle  to  a 
country  house  in  the  vicinity  of  the  city,  and  I  believed  the 
voice  I  heard  was  that  of  the  same  coachman  who  drove 
me,  which  same  man  had  been  rather  talkative  during  that  ride^ 
and  that  he  had  indirectly  asked  my  name,  and  said  he  believed 
that  he  had  seen  me  in  Copiapo. 

''I  shouted  out  as  well  as  I  could  several  times,  in  the  hope 
they  would  hear  me,  which  they  did  at  last.  When  they 
replied,  I  beseeched  them  to  succour  me,  telling  them  that 
although  I  was  covered  by  a  great  weight  of  ruins,  I  was  un- 
hurt (which  I  then  believed),  and  that  I  should  not  perish  if 
any  assistance  was  afforded  me.  At  once  both  of  them  com- 
menced to  remove  the  rubbish  that  covered  me. 

''  Lately  I  was  so  resigned,  and  when  I  had  no  hope  of 
being  rescued ;  now  that  it  seemed  I  was  about  to  be  saved,  I 
felt  my  spirit  sink  within  me.  The  companion  of  the  good 
Gonzales  (for  that  was  the  name  of  the  coachman)  begin- 
ning to  feel  the  work  severe,  or  on  account  of  other  motives, 
said  that  he  must  leave  off,  1?ut  that  he  would  return.  Once 
gone,  I  could  not  believe  he  would  ever  come  back ;  I  feared 
Gonzales  would  follow  his  example;  and  as  I  gave  myself 
only  five  or  six  hours  more  life  if  the  weight  above  me  was 
not  removed,  I  now  considered  I  was  indeed  lost.  But  Gon- 
zales, as  if  he  had  divined  my  thoughts,  called  aloud,  telling 
me  not  to  despair ;  that  his  death  alone  should  prevent  him 
leaving  his  work  of  disinterring  me  undone. 

''  You  know  that  the  houses  of  Mendoza  are  built  of  adobes, 
or  sun-dried  bricks,  and  the  mortar  merely  of  mud,  and  not  of 
lime,  consequently  easier  to  separate  than  burnt  bricks  and 
mortar ;  so  that  when  the  walls  fell  down,  they  did  so  in  such 
a  manner  as  rather  to  favour  the  removal  of  the  ruins,  even  by 
the  hands  alone.  My  benefactor  worked  away  for  more  than 
two  hours,  when  he  at  last  touched  my  head,  and  in  a  few 
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moments  lie  exclaimed  with  joy,  'now  take  breath.'  I  camiot 
describe  what  feelings  of  gratitude  I  had  for  that  generous 
man.    He  now  tried  to  extricate  me,  and  to  put  me  on  my  feet. 

'*  My  legs  were  swelled  in  a  monstrous  manner  and  covered 
with  wounds ;  I  could  not  stand,  for  one  had  become  shorter 
than  the  other.  My  hands,  face,  and  head  were  dreadfully 
bruised. 

'^  Gonzales  wished  to  carry  me  to  the  public  walk,  but  this 
he  found  impossible  to  do ;  so  he  proposed  to  transport  me  from 
where  I  was,  which  spot  was  full  of  deep  inequalities,  caused 
by  his  throwing  up  the  ruins  to  get  me  out,  but  this  he  failed 
in,  for  where  I  lay  I  was  still  in  peril  in  consequence  of  a  ruined 
wall  which  threatened  to  fall  with  the  continued  earthquake 
movements  of  the  earth.  G-onzales  at  this  juncture  did  not 
even  know  the  fate  of  his  own  family,  and  had  to  leave  me. 

''  There  I  was  alone  and  unable  to  move.  I  took  a  glance  at 
the  scene  around;  how  frightful  it  was !  how  horrible !  The  moon 
still  shone  on  that  huge  heap  of  ruins,  a  few  hours  before  a  city 
of  life  and  joy.  At  the  distance  of  five  or  six  yards  from  me 
there  escaped  dying  groans  from  some  ruins,  which  appeared  to 
me  to  be  those  of  Cesar  Solar,  his  wife  and  little  daughter. 
Farther  off  I  heard  screams  and  cries  which  went  to  the  hearty 
begging  for  assistance ;  these  were  from  Teresa  Garcia,  whom 
I  s^rwards  saw  attending  the  sick  and  wounded.  Fire  had 
broken  out  not  far  from  me,  and  was  advancing  towards  the 
direction  I  was  laying ;  but,  thanks  to  kind  Providence,  I  was 
not  unnerved.  There  were  many  who  were  actively  engaged 
in  assisting  and  rescuing  their  fellow-creatures ;  but  there  were 
others  plundering,  whatever  they  could  lay  hands  on,  during 
this  awfrd  convulsion  of  nature.  Nicolas  Yillanueva  passed 
hurriedly  by  in  search  of  help  to  assist  him  to  rescue  his  largo 
family,  whom  I  could  hear  from  under  the  ruins,  recommending 
themselves  to  God's  mercy,  and  preparing  themselves  to  die ; 
the  fire  had  now  reached  some  combustible  matters,  and  all 
around  was  in  a  blaze.  There  now  came  up  to  me  Senor  Arroyo, 
who  told  me  with  broken  heart,  ejaculating,  that  he  had  lost  six 
of  his  children;  still  he  went  searching  for  his  unfortunate 
friend  Zavalla,  in  which  search  he  rescued  a  poor  maniac  woman 
who  was  buried  near  to  me. 

"  But  how  am  I  to  relate  to  you  aU  the  frightful  scenes  I 
saw  on  that  awful  night  ? 

''  To  those  who  passed,  whom  I  thought  able  to  move  me, 
and  would  do  so  for  money,  I  offered  gold  to  carry  me  to  the 
public  promenade,  which  was  only  two  hundred  and  fifly  yards 
distant ;  but  no  one  gave  heed  to  me.  Farly  in  the  morning 
Ramon  Munoz,  a  Chileno  poUtical  emigrant,  mercifully  came  to 
my  assistance  with  a  party  of  men,  and  transported  me  to  the 
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promenade,  where  I  was  placed  among  dead,  dying,  and  many 
who  were  sadly  wounded. 

''My  clothes  had  been  torn  to  pieces,  my  hat  lost,  and  the  early 
mom  was  cold.  Luis  Marco  gave  me  a  dressing-gown,  and  in 
this  state  I  remained  until  the  evening,  when  1  was  seen  by 
Mr.  Bergman,  a  surveyor,  who  had  lost  his  wife  and  all  his  chil- 
dren except  one ;  he  proposed  to  remove  me  to  a  less  disagree*^ 
able  spot,  where  I  found  Mr.  Civit  with  a  broken  foot,  others 
wounded,  some  ladies  who  had  lost  their  families ;  from  these  I 
received  whatever  assistemce  they  could  render  me.  I  must  not 
omit  to  particularize  the  name  of  a  yoimg  Chileno,  Senor  Vieites. 

''  Four  days  I  remained  with  this  party  in  affliction.  Up 
to  this  period  such  charity  and  kindness  as  could  be  proffered 
I  received,  when  Don  Tomas  Garcia  of  Mendoza  discovered  me. 
We  had  known  each  other  in  Chile,  and  were  friends,  without 
being  very  intimate.  Not  only  his  house  in  the  city,  but  one 
in  the  country,  were  destroyed  on  the  night  of  the  20th  of 
March.  He  had  lost  three  of  his  children  in  the  earthquake ; 
the  remaining  three  had  been  saved  through  the  exertions  of 
his  beloved  wife — ^he  himself  most  miraculously ;  he  had  abeady 
built  up  a  hut. 

''  However,  under  such  appalling  domestic  affliction,  he  did 
not  forget  the  sufferings  of  others.  He  had  sought  for  me  for 
three  days,  although  he  had  been  assured  that  I  had  perished. 
He  had  me  borne  with  the  tenderest  care  to  his  newly-erected 
hut.  His  good  wife  had  prepared  for  me  a  tent  out  of  pieces  of 
cloth  and  carpet,  and  where  1  felt  that  Garcia  and  his  ministering 
angel  of  a  wife  would  take  care  of  me. 

''Her  necessary  household  affairs  were  not  forgotten;  these 
being  finished,  she  would  retire  for  a  while  to  pray  and  weep 
for  her  lost  little  ones,  then  she  became  a  true  sister  of  charity ; 
never  can  I  forget  her  and  all  her  pious  doings.  She  bathed 
and  dressed  my  wounds;  she  gave  me  medicine  to  assuage 
my  pains,  and  helped  me  to  the  food  I  required,  with  such  per- 
suasive gentleness,  only  to  be  done  by  tender-hearted  woman ; 
she  was  the  personification  of  human  goodness.  I  would  at 
times  call  for  a  servant  to  assist  me,  but  ere  one  could  arrive 
she  was  at  my  side,  night  or  day,  ready  to  attend  to  me. 

"  Very  shortly  after  the  arrival  of  Dr.  Day,  Garcia  brought 
him  to  me ;  and  now  the  medical  man  took  charge  of  my  cure. 
Through  the  unremitting  kindness  of  Garcia  and  his  wife,  and 
that  of  Dr.  Day,  after  a  period  of  twenty-three  days,  I  could  lay 
myself  down ;  but  it  was  three  months  ere  I  could  go  upon 
crutches,  when  I  journeyed  to  San  Juan. 

"  Years  had  passed  that  I  had  not  shed  a  tear ;  the  destruc- 
tion of  the  city  of  Mendoza,  and  even  whilst  in  the  frightful 
position  of  being  buried  alive,  no  tear  dimmed  my  eye ;  but  the 
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day  of  separation  from  Garcia  and  his  wife  came^  mj  heart 
was  now  moved.  Still  I  kept  a  serene  look ;  the  moment  for 
saying  farewell  arrived;  I  saw  them  in  tears — speak  they  could 
not — but  ejaculated  their  prayers  for  my  restoration  to  health. 
I  now  felt  most  acutely,  my  heart  beat  rapidly ;  I  was  tongue- 
tied,  but  a  flood  of  tears  came  to  my  relief.  We  embraced 
each  other ;  I  covered  my  face,  and  was  glad  indeed  when  the 
carriage  was  announced  to  convey  me  to  San  Juan. 

''  The  spectacle  of  domestic  life,  and  the  love  I  observed  in 
the  family  of  Garcia,  made  me  a  better  man ;  there  I  saw  an 
example  of  real  felicity  only  to  be  obtained  by  the  practice  of 
virtue,  and  I  could  not  now  believe  that  these  were  so  excep- 
tional as  I  had  formerly  considered.  Can  I  ever  forget  (jarcia^ 
his  wife,  and  the  coachman  Gt)nzales  ? 

'^  To  conclude :  if  there  were  fiends  in  human  form,  and 
who  committed  the  most  atrocious  acts  of  rapine  during  and 
after  the  calamitous  earthquake,  there  were  iJso  examples  of 
heroism  and  goodness.  A  young  lady  who  had  been  exhumed 
from  th^  ruins,  and  only  had  her  under-garment  on,  the  moment 
she  found  herself  preserved,  began  to  work  at  once  in  the 
liberation  of  others,  continuing  it  all  that  very  cold  night,  and 
so  scantily  clothed.  A  poor  woman  (not  a  model  of  virtue)  who 
escaped  death  most  miraculously,  and  badly  wounded,  worked 
incessantly  during  that  night  of  horrors,  and  saved  at  least  five 
fellow-creatures  from  amongst  the  ruins.  A  good  msm  whose 
habitation  was  without  the  city,  but  was  in  Mendoza  when  the 
earthmiake  came  on,  remained  all  night  succouring  the  dis- 
tressed, assisting  to  save  many  from  an  untimely  grave ;  pro- 
posing to  himself  that  having  disinterred  the  one  he  was  at 
work  at,  he  would  go  and  look  after  his  own  family ;  which 
being  done,  another  and  another  scene  of  distress  met  his  sight, 
to  which  he  went.  Kind  Providence  rewarded  him,  for  at  day- 
break when  he  got  to  his  own  house,  although  he  found  it  in 
ruins,  his  family  was  safe,  but  weeping  for  him,  supposing  that 
by  hifi  not  returning  during  the  night  that  he  had  been  buried 
in  the  ruins. 

"  Tour  faithftd  Friend  and  Servant, 

(Signed)  "Domingo  wj  Oko." 
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THE  MIDNIGHT  SUN. 

BY  THOMAS  W.   BUBR^   F.B.A.S.^   f.C.S. 

The  December  namber  of  tHe  Intellectual  Obsebvsb  contains 
a  notice  of  a  very  interesting  work,  entitled  A  Spring  cmd 
Swmmer  in  Lapland,  by  an  ^'  Old  Bushman/'  which  the  re- 
yiewer  introduces  by  some  remarks  on  the  influence  over  the 
imagination  of  those  regions  of  the  earth  which  lie  sufficiently 
near  the  North  Pole  to  exhibit  the  remarkable  summer  phe- 
nomenon of  an  unsetting  sun ;  and  proceeds  to  quote  Long- 
fellow's spirited  lines,  describing  the  effect  on  the  ''  Ancient 
Mariner  "  who  discovered  the  North  Cape,  in  which  lines — 

''And  iouthward  through  the  haze» 
He  taw  the  sulleii  blaze 
Of  the  red  midsight  Bun,*' 

we  shall  presently  see  there  is  an  astronomical  blunder.  The 
book  of  the  "  Old  Bushman,"  which  is  replete  with  the  most 
interesting  information  in  Natural  History,  also  contains 
a  vivid  description  of  this  singular  appearance,  and  these 
notices  have  produced  a  shower  of  communications  to  the 
Intellectual  Obsebveb  asking  an  explanation,  ''  how  the  sun 
can  be  seen  at  midnight  V*  Such  inquiries  are  principally,  as 
may  be  imagined,  from  the  more  juvenfle  readera,  and  in  conse- 
quence of  their  number,  the  conductors  of  this  journal,  with 
their  usual  readiness  to  gratify  laudable  curiosity,  and  impart 
nseftil  information,  have  requested  me  to  give,  as  briefly  and 
simply  as  possible,  the  reasons  of  the  phenomenon  and  the  ex- 
planation of  the  effects  produced,  which,  it  is  trusted,  will  at 
once  clear  the  path  for  the  younger  portion  of  my  readers,  and 
may  also  not  be  unacceptable  to  some  "  children  of  a  larger 
growth,"  whose  astronomy  has  become  a  little  rusty. 

The  effect  in  question,  it  is  obvious,  involves  a  consideration 
of  the  causes  both  of  the  seasons  and  of  the  various  lengths  of 
day  and  night,  and  these  are  due  to  two  peculiarities  of  the 
earth  as  a  planet,  viz.,  the  obliquity  of  the  equator  and  ecliptic, 
and  the  parallelism  of  the  earth^s  axis. 

Every  one  knows  that  the  earth  revolves  round  the  sun  in 
the  period  we  call  a  year,  and  that  it  rotates  on  its  axis  in  the 
time  we  call  a  day,  including  periods  of  light  and  darkness, 
which,  except  on  two  days  in  the  year,  are  unequal  in  all  parts 
of  the  earth  except  at  the  equator — ^the  days  being  long  and 
the  nights  short  in  summer,  and  the  days  short  and  nights  long 
in  winter,  at  each  particular  place.  The  two  periods  when  the 
days  and  nights  are  equal  all  over  the  world,  consisting  of 
twelve  hours  each,  are  called  the  equinoxes,  and  occur  about 
2l8t  March  and  21st  September,  and  were  the  orbit  of  the 
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earth  coincident  in  level  with  the  position  of  the  enn^  or^ 
speaking  astronomicaUy^  were  the  equator  and  ecliptic  in  the 
same  plane^  and  were  the  axis  of  the  earth  perpendicular  to 
the  orbit^  the  phenomena  of  the  equinoxes  would  be  those  of  the 
whole  year^  and  the  temperature  of  each  place^  and  the  length 
of  day  and  nighty  would  always  be  those  which  it  has  at  the 
dates  just  given.  But  neither  of  these  conditions  exists^  the 
planes  of  the  equator  and  ecliptic  (or  path  of  the  earth  round 
the  sun^  forming  the  sun^s  apparent  path  in  the  heavens)  are 
not  coincident^  but  inclined  at  an  angle  of  2  Si  degs.^  and  the 
axis  of  the  earth  is  therefore  tilted  out  of  the  perpendicular  to 
its  orbit  to  the  same  amount.  This  axis  also  in  its  revolution 
round  the  sun  is  invariably  directed  to  the  same  point,  in  the 
heavensj  called  the  Pole,  which  is  easily  distinguished  by  the 
well-known  Pole  Star,*  and  this  constant  direction  of  the 
axis  causes  an  unequal  exposure  to  the  light  and  heat  of  the 
sun  during  different  lengths  of  the  day,  and  the  obliquity  of 
the  ecliptic  also  causing  the  solar  rays  to  fall  with  very  different 
degrees  of  verticality  on  the  earth  at  different  times,  produce 
the  charming  variety  of  the  seasons.  To  show  the  importance 
of  these  arrangements,  let  us  suppose  the  axis  of  the  earth  had 
not  been  inclined  to  tiiat  of  its  orbit,  and  mark  the  conse- 
quences. Under  this  condition  every  portion  of  the  earth 
during  the  year  would  have  the  duration  of  the  days  and 
nights  equal.  The  sun's  rays,  falling  perpendicularly,  would 
bum  up  the  regions  near  the  equator,  and  render  them  unin- 
habitable. The  countries  situated  between  the  equator  and 
high  latitudes  would  have  the  temperature  of  a  mild  spring, 
which  would  be  continuous,  and  they  would  be  deprived  of  the 
beautiful  changes  of  climate  we  enjoy  j  while  few,  if  any,  plants 
would  attain  maturity,  rendering  the  existence  of  animals  a 
precarious  and  doubtful  matter.  But  the  condition  of  the 
regions  at  a  considerable  distance  from  the  equator  or  near  the 
poles,  would  be  very  dismal;  an  eternal  winter  and  continual 
desolation  would  prevail  in  countries  where  millions  of  human 
beings  now  live  happily.  Still  worse  would  be  the  result  of 
the  earth's  axis  being  placed  parallel  to  the  ecliptic — sharp 
alternations  of  day  and  night,  heat  and  cold  for  six  months  at 
the  time,  would  be  the  unpleasant  fate  of  each  hemisphere 
under  this  state  of  things. 

Happily  for  us,  the  axis  is  inclined,  and  has  the  constant 
direction  before  mentioned ;  and  to  get  an  idea  of  the  result, 
let  me  ask  my  young  firiends  to  take  an  orange,  as  an  easily 
obtained  miniature  of  our  globe,  and  passing  a  long  needle  or 

•  The  minute  yariation  in  this  direction,  due  to  precession,  is  of  no  conse- 
quence as  connected  with  the  seasons,  and  does  not  interfere  with  this  explanation. 
See  the  author's  paper  on  the  Precession  of  the  Equinoxes  in  the  IsTXLi<EcrirAji 
Obsxbtxb  of  June,  1868. 
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wire  through  its  flattened  poles^  carry  it  steadily  round  a  candle 
or  lamp  placed  in  the  centre  of  a  table^  taking  care  to  slant 
the  wire  about  a  fourth  of  the  distance  from  the  table  to  the 
ceilings  and  always  keeping  the  point  in  the  same  direction. 
At  one  part  of  the  revolution  the  orange  should  be  lifted  a  little 
aboTO  the  level  of  the  flame^  and  at  the  opposite  point  a  little 
depressed.  At  the  two  opposite  intermediate  points  only 
should  the  orange  and  flame  be  in  the  same  plane.  If  we  now 
examine  the  effects  of  the  light  upon  the  orange  in  its  revolu-i 
tion^  we  shall  get  an  exact  representation  of  the  sun's  effect  upon 
the  earthy  and  to  show  this  accurately^  let  us  notice  particularly 
four  different  positions  in  detail.  First,  if  the  orange  be  in  one 
of  the  positions  level  with  the  flame,  it  will  correspond  with 
the  earth  in  the  northern  spring,  when  the  sun  is  exactly  at  the 
same  distance  from  both  poles,  and  affects  each  hemisphere 
alike — ^this  being  about  the  21st  of  March ;  by  the  23rd  of  June 
the  earth  (or  orange)  will  have  moved  to  the  point  in  its  orbit 
most  depressed  below  the  level  of  the  sun  (or  flame),  and  the 
north  pole  is  then  nearer  to  the  sun  than  the  south,  and  the 
northern  hemisphere  receives  a  greater  amount  of  heat  than 
is  received  by  the  southern— constituting  the  northern  summer. 
If  we  note  carefully  the  rays  of  Kght  falling  on  the  orange,  it 
will  be  seen  that  in  this  position  they  extend  over  and  beyond 
the  north  pole,  while  the  south  pole  remains  altogether  unen- 
lightened, BO  that,  notwithstanding  the  rotation  of  the  earth 
on  its  axis,  the  day  will  be  continuous  at  and  near  the 
north  pole,  while  it  wUl  be  constant  night  in  the  opposite 
regions  of  the  south. 

Proceeding  with  the  illustration  we  arrive  at  another  of  the 
equinoctial  positions,  corresponding  to  the  northern  autumn, 
on  the  21st  of  September,  when  the  hemispheres  are  again 
equally  lighted,  and  the  day  and  night  agam  equal.  Lastly, 
from  the  2l8t  of  September  to  the  2l8t  of  December,  the 
earth  progresses  to  her  position  above  the  plane  of  the  sun,  and 
the  orange  wiU  then  be  above  the  level  of  the  flame.  Here 
the  north  pole  is  turned  away  from  the  sun,  while  the  south 
pole  inclines  towards  it ;  hence  the  northern  pole  and  hemi- 
sphere receive  a  much  smaller  portion  of  light  and  heat  than 
the  southern,  and  it  is  therefore  to  us  winter,  while  the  south 
is  enjoying  its  summer.  It  is  a  singular  circumstance,  that  in 
consequence  of  the  eccentricity  of  the  earth's  orbit,  we  are 
really  nearer  to  the  sun  in  our  northern  winter  than  in  the 
summer,  by  about  three  millions  of  miles ;  but  this  is  so  small 
a  space  in  proporfcion  to  the  whole  distance  of  the  earth  from 
the  sun,  and  its  consequences  are  so  far  outweighed  by  the 
more  important  results  of  long  days  and  short  nights,  with 
greater  verticality  of  rays,  that  its  effect  is  immaterial. 
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It  is^  however^  necessary^  with  reference  to  our  especial 
object  of  explaining  the  Midnight  Snn^  to  go  into  further  detail 
of  the  unequal  days  and  nights  of  different  latitudes^  and  as  some 
little  difficulty  may  arise  from  the  apparent  motion  of  the  sun  in 
altitude^  due  to  the  earth's  rising  and  sinking  above  his  position^ 
it  may  be  desirable  first  to  consider  the  apparent  paths  of  the 
stars  as  caused  by  the  earth's  rotation  on  its  axis^  these  bodies^ 
from  their  distance^  being  free  from  the  effect  produced  upon 
the  sun's  meridian  altitude  by  the  obliquity  of  tne  equator  and 
ecliptic^  and  therefore  not  altering  their  declination  or  distance 
north  or  south  from  the  equator.  Some  simple  diagrams  wiU 
enable  us  to  do  this  most  effectually.    In  Fig.  1  the  appearance 

of  the  heavens,  as  seen  by  an 
inhabitant  of  i^e  earth  at  the 
equator,  is  indicated.  In  this 
and  the  two  following  figures 
the  letters  of  reference  are 
the  same,  H  B  being  the  ob- 
server's  horizon ;  N  and  S  the 
north  and  south  poles  of  the 
earth;  E  Q,  its  equator;  Z 
and  Na,  the  zenith  and  nadir 
of  a  place.  The  diagram  then 
shows  that  a  place  on  the 
equator  will  have  the  poles  in 
its  horizon,  and  that  all  the 
celestial  bodies  will  rise  and 
set  at  right  angles  to  the  horizon,  and  will  continue  just  as 
long  a  time  above  it  as  they  do  below.  The  dotted  lines  re- 
present  the  paths  of  stars  or  the  sun,  and  as  the  rotation  of 
the  earth  on  its  axis  is  imiform  in  rate,  the  semicircle  above 
will  be  described  in  the  same 
time  as  the  one  below,  and  this 
being  twelve  hours  each,  the 
days  and  nights  will  be  equal 
throughout  the  year.  The  ob- 
server will  also  see  the  whole 
of  the  stars  in  the  heavens, 
which  he  can  do  nowhere  else,  ^ 
although  some  will  be  in 
very  unfavourable  positions. 
Passing  to  Pig.  2,  a  very 
different  state  of  things  is 
presented  to  view.  Here  the 
north  pole  is  in  the  zenith,  Na 

and  the  equator  (or  equinoc-  pig.  2. 

tialj     as    the    circle     in    the    heavens    answering    to    the 
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earth's  eqaator^  is  termed)    forms    the    horizon.     The  hea- 
venly bodies,   such  as  those   stars  which   are  visible   at  all, 
never   rise   or  set,  but  may  be  observed  during  the   whole 
of  their  apparent  revolution,  caused  by  the  real  rotation  of 
the  earth  on  its  axis,  their  distance   from  the  horizon  never 
varying,  and  their  motion  being  in  circles  parallel  to  the  hori- 
zon.     Stars  below  the  equator,  that  is,  all  the  stars  of  the 
southern  half  of  the  celestial  vault,  are  never  visible,  while 
those  in  the  northern  half  never  disappear.    The  sun,  for  six 
months  in  the  year,  when  his  position  is  below  the  equator,  or 
he  has  south  declination,  never  rises  above  the  horizon ;  while 
during  the  other  six  months,   having  north    declination,  he 
never  sets,  but  moves  round  in  a  series  of  circles  nearly  parallel 
to  the  horizon,  or,  strictly  speaking,  in  a  spiral,  first  ascending, 
till  on  the  longest  day  he  attains  an  altitude  of  23^  degs. ;  and 
then  descending,  till  lost  to  view  about  the  21st  of  September. 
If  the  observer  depart  from  either  the  pole  or  the  equator,  in 
the  first  case  the  pole  will  sink  from  its  position  over  his  head ; 
and  in  the  latter,  the  pole  towards  which  he  is  travelling  will 
rise.    Wherever  he  may  stop,  the  pole  will  be  the  same  number 
of  degrees  above  the  horizon  as  the  observer  must  use  to  ex- 
press his  latitude.       To  illustrate  such  a  position  Fig.  3  is 
drawn.    The  diagram  repre- 
sents the  north  pole  elevated 
60  degs.  above  the  horizon, 
showing  that  tobethe  northern 
latitude  of    the    place,    and 
here,  or  indeed  at  any  other 
latitude,  except  0  degs.  and 
90   degs.,   all    the    heavenly 
bodies  rise  and  set  obliquely, 
their  diurnal    paths  making 
with  the  horizon  angles  equal 
to  the  co-latitude,  that  is,  the 
difierence  between  the  latitude 
and  90  degs. ;  in  this  case  the 
co-latitude   equals   30    degs. 
A  heavenly  body  on  the  equator  will  have  its  diurnal  path  half 
above  and  half  below  the  horizon,  and  if  the  body  so  situated 
be  the  sun,  the  days  and  m'ghts  will  be  equal  to  that  place. 
Those  bodies  to  the  south  of  the  equator  will,  in  the  latitude  of 
the  figure,  have  the  greater  part  of  their  diurnal  path  below 
the  horizon,  and  the  smaller  part  above,  as  shown  at  I;  on  the 
contrary,  those  to  the  north  of  the  equator  have  the  greater 

Eart  of  their  daily  path  above  the  horizon,  and  the  smaller 
elow,  as  at  II.    Now  the  sun  varies  his  distance  from  the 
equator,  ranging  about  23^  degs.  on  either  side  of  it.    When 
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noFth  of  the  equator  the  days  will  be  more  than  twelve  hours 
long^  to  an  observer  at  60  degs.  north  latitude ;  and  when 
south  of  that  circle  they  will  be  less  than  twelve  hours.  There 
is  a  circle.  III,  representing  the  path  of  a  star  which  never 
descends  below  the  horizon.  Thus,  at  London,  there  are 
certain  constellations,  such  as  the  Great  Bear,  Di*aco,  Cas- 
siopea,  Cepheus,  the  Littte  Bear,  Perseus,  and  others,  which 
never  set,  and  which  are  visible  on  every  fine  night  throughout 
the  year,  performing  their  incessant  revolutions  round  the 
north  Pole  Star  as  a  centre.  Such  stars  are  called  circumpolar, 
and.  all  stars  whose  distance  from  the  pole  is  less  than  the 
latitude  of  the  place  will  be  circumpolai  there.  Of  such 
stars  at  London,  Capella  and  those  of  the  Great  Bear  form 
conspicuous  examples,  being  always  above  the  horizon,  though 
of  course  requiring  instrumental  aid  to  be  seen  in  that  part  of 
their  diurnal  path  which  is  performed  in  daylight.  Within  the 
same  distance  from  the  depressed  southern  pole,  will  be  found 
a  number  of  constellations,  the  stars  of  which  never  rise  to  our 
observer  at  60  degs.  north  latitude ;  an  example  is  seen  in  the 
figure  at  lY,  and  many  of  the  southern  constellations  are  so 
situated  with  respect  to  us.  I  have  been  thus  minute  in 
describing  the  apparent  paths  of  stars  at  difibrent  latitudes, 
because  the  explanation  of  the  Midnight  Sun  depends  upon 
the  fact,  that  within  the  Arctic  circle,  that  is,  at  a  less  distance 
than  23i  degs.  from  the  pole,  the  sun  becomes  at  midsummer 
circumpolar,  like  the  stars  we  have  so  called,  and  while  at  a 
latitude  of  66i  degs.,  where  the  circle  is  drawn,  this  happens 
only  on  the  longest  day ;  as  we  proceed  nearer  to  the  pole,  his 
path  becomes  more  parallel  to  the  horizon,  and  he  continues 
circumpolar  for  a  longer  period.  The  sun,  in  fact,  seems  to  go 
round  the  earth  in  a  ring,  inclined  to  the  horizon,  having  his 
greatest  altitude,  due  south,  at  twelve  o'clock  in  the  day  (which 
in  Lapland  would  be  about  47  degs.),  and  his  lowest  point  just 
touching  the  northern  horizon  at  twelve  o'clock  at  night.  !rur- 
ther  north,  the  southern  altitude  would  become  less,  and  the 
northern  greater ;  till  near  the  pole  the  circle  would  be  nearly 
parallel  with  the  horizon,  and  could  we  reach  the  pole,  entirely 
feo.  Thus,  the  ^'  Old  Bushman,"  whose  quarters  were  at 
Quickiock,  only  just  within  the  circle,  although  for  about  a 
month  at  midsummer  he  could  always  see  the  rays  of  the  sttn 
reflected  on  the  northerly  fells  at  midnight,  and,  in  fiwjt,  for 
two  months  had  the  night  as  light  as  day,  for  reading,  huntitig, 
and  shooting — ^had  to  ascend  "  Porti  Pellen,''  about  5000  feet 
high,  on  June  24th,  at  midnight,  to  see  the  sun  himself;  bttt 
hs^he  gone  further  north,  even  to  the  North  Cape,  as  many 
travellers  do,  no  ascent  would  have  been  necessary.  It  may 
here  be  remarked  that  Lapland  is  the  only  place  which  is 
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readily  occeasible  by  Europeans  desirous  of  witneesing  the 
glorious  spectacle  of  the  unsetting  sun.  It  is  also  a  moat  in- 
teresting country  on  other  accounts.  Despite  its  northern 
position,  com  still  grows  in  latitudes  which  elsewhere  are 
sterile,  for  which  it  is  indebted  to  the  Gulf  Stream  impinging 
on  the  coast  of  Norway ;  while  the  luxuriance  of  its  flora, 
during  the  short  but  brilliant  Bummer,  and  the  profusion  of 
anim^  life  peopling  the  magnificent  scenery,  render  it  well 
worthy  a  visit,  and  a  trip  to  Norway  is  nowhocoming  compara- 
tively frequent.  To  all  such  intending  tourists  a  perusal  of  the 
Spring  and  Summer  in  Lapland  will  be  most  essential,  con- 
taining, aa  it  does,  full  information  for  reaching  either  Hammer- 
feat,  near  the  North  Cape,  or  Happaranda,  at  the  head  of  the 
Gulf  of  Bothnia,  in  the  best  manner ;  while  in  a  natural 
history  point  of  view  the  book  is  invaluable. 

To  illustrate  still  more  clearly  the  effect  of  increased  latitude 
in  producing  continuous  dayhght,  it  will  be  desirable  to  intro- 
duce   a  few  more  diagrams.      I^gs.    4,    5,   and  6  have  the 
same  letters   of  reference.      Fig.   4  ezphdns  the    long  days 
fjjA,  and    short 
ric*.  ^^^liigl»*s     of 

■•"\?^  the  north- 
_.-^  ern   sum- 

^-"■'  '  mer    (the 

.-"  sun    about 

the  21at  of 
June  being 
^  over      the 

Tropic    of 
f  Cancer, 

and  there- 
fore at  its 
greatest 
northern  declination),  and,  at  the  same  time,  the  short  days 
and  long  nights  of  corresponding  southern  latitudes.  N  S  is 
the  axis  of  the  earth ;  E  Q,  the  equator ;  E  C,  the  echptic ; 
C  R  and  C  N,  the  Tropics  of  Cancer  and  Capricorn ;  and  T  e, 
the  line  separating  hght  and  darkness,  or  the  real  horizon.  At 
the  central  line  of  the  globe,  on  the  side  turned  towards  the  sun, 
it  is  mid-day ;  at  the  terminator,  or  line  of  shading,  it  is,  on 
one  side  of  the  globe,  sunrise;  and  on  the  other,  sunset;  while 
on  the  central  line  of  the  side  in  shade,  it  is  midnight.  At  N, 
and  the  adjacent  parts  down  to  the  Arctic  circle,  no  portion  of 
the  globe  will  be  carried  by  the  diurnal  rotation  into,  darkness, 
and  there  is,  therefore,  continual  daylight.  At  t^e  Tropic  of 
Cancer  places  are  carried  through  unequal  portions  of  the  light 
and  shaded  parts,  and  there  are  long  days  and  short  nights. 
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At  the  equator  the  light  and  shaded  ports  are  of  eqaol  extent, 
and  the  days  and  nights  are  equal,  as  is  always  the  case  there. 
At  the  Tropic  of  Capricorn,  the  light  and  shaded  portions  are 
unequal,  but  inveraely  to  the  Tropic  of  Cancer,  and  there  are 
short  days  and  long  nights.  At  S,  and  adjacent  to  it,  ao  far 
as  the  AntEkfctic  circle,  the  earth's  rotation  produces  no  emer- 
gence out  of  the  filuded  part,  and  the  uighb  is  therefore 
continnooB. 


Fig.  5  represents  the  effect  of  the  sun  being  over  the 
equator,  as  he  is  in  March  and  September,  instead  of  over  the 
Tropic  of  Cancer ;  the  days  and  nights  are  then  equal  all  over 
the  world — the  axial  rotation  exposing  every  part  of  the 
earth's  aorface  to  the  same  amount  of  light  and  darkness. 


Fig.  6  shows  the  sun  over  the  Tropic  of  Capricorn,  as  he  is 
on  the  21st  of  December,  having  the  greatest  south  declination 
he  attains,  and  explains  the  aonthem  summer,  and  the  short  days 
and  long  nights  of  our  winter.  Here  no  portion  of  the  surface 
included  in  the  Antarctic  circle  can  escape  from  the  sun's  light, 
.and  the  phenomenon  of  the  sun  continually  above  the  horizon 
will  be  witnessed  by  any  person  reaching  a  high  sonthemlatitnde, 
as  well  as  in  the  north,  which  has  hitherto  claimed  our  attention. 
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Let  UB  Bxun  up  the  teaching  of  these  diagrams.      To  all 

{)lace8  at  the  equator  the  days  and  nights  are  always  of  equal 
ength.  To  all  other  places,  except  the  poles,  the  days  and 
nights  are  never  equal,  except  at  the  equinoxes.  To  all  parts  of 
the  world  the  days  and  nights  are  equal  at  the  vernal  and 
autumnal  equinoxes,  about  the  Slst  of  March  and  23rd  of 
September,  when  the  sun  enters  the  signs  Aries  and  Libra, 
and  has  no  declination. 

To  all  places  having  the  same  latitude,  the  days  and  nights 
are  always  of  equal  length  at  the  same  particular  time  of  year. 

To  all  places  north  of  the  equator,  the  longest  day  and  the 
shortest  night  are  when  the  sun  has  his  greatest  north  decli- 
nation, and  is  on  the  Tropic  of  Cancer ;  and  their  shortest  day 
and  longest  night  when  the  sun  has  his  greatest  south  declina- 
tion, or  is  on  the  Tropic  of  Capricorn.  In  southern  latitudes 
the  reverse  is  the  case. 

To  all  places  at  the  Arctic  and  Antarctic  circles,  when  the 
sun  has  his  greatest  declination,  he  appears  without  setting  for 
twenty-four  hours,  the  length  of  their  longest  day,  although  the 
continuous  dayUght  may  last  for  weeks,  as  the  sun  sinks  so 
little  below  the  horizon  that  the  twilight  is  sufficient  for  all 
purposes  throughout  the  night.  To  all  places  within  those  circles 
the  length  of  the  longest  days  and  nights  increases  the  nearer 
the  places  are  to  the  poles. 

At  the  north  pole,  from  the  20th  of  March  to  the  23rd  of 
September,  the  sun  is  constantly  above  the  horizon,  and  below 
it  through  the  opposite  interval.  There  is,  therefore,  during 
the  whole  year,  but  one  day  and  one  night,  each  of  six  months 
duration ;  but  no  one  has  yet  reached  the  pole  to  experience 
this  effect.  In  speaking  of  the  long  and  dreary  winter  night, 
lasting  for  many  months,  which  these  illustrations  show  to  be 
the  lot  of  polar  regions,  we  should  not  lose  sight  of  the  com- 
pensating influences.  Thus,  although  the  sun  may  be  for  months 
below  the  horizon,  still  he  is  rarely  as  much  as  18  degs.  lower 
than  that  circle,  and  therefore,  owing  to  the  existence  of  an 
atmosphere  and  its  property  of  refraction,  the  amount  of  twi- 
light is  very  considerable;  and  if  we  remember  how  strong 
this  is  during  our  summer,  when  for  one  month  before  and 
one  after  the  longest  day,  we  are  said  to  have  '^  no  real  night,'' 
the  importance  of  this  beneficial  arrangement  becomes  mani- 
fest.*   Again,  the  ftdl  moon  is  always  opposite  to  the  sun,  and 

*  As  f^r  a«  84}  degf.  north  latitude,  the  sun  approaches  within  18  degs.  of 
the  horizon  at  mid>winter,  and  therefore  relieves  the  long  night  of  three  or  four 
months,  every  twenty-four  hours,  with  a  short  twilight.  Kven  at  the  North  Pole 
the  sun  is  not  more  than  18  degs.  below  the  horizon,  till  November  12th,  and 
comes  within  that  distance  again  on  Jannaiy  29th ;  the  78  days  between  being 
the  only  period  of  total  night.  From  September  21st  to  November  12th,  and 
from  Jannajy  29th  to  March  2l8t|  although  the  sun  is  absent^  there  is  twilight. 
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as  the  sun  is  below  the  horizon,  the  moon  will  be  for  a  con- 
siderable period  in  each  month,  and  that  before  and  after  the 
fiiU,  when  her  light  is  greatest,  always  shining,  only  sinking 
below  the  horizon  when  in  the  orescent  form,  and  giving  little 
light.  Added  to  these  constant  phenomena  are  the  brilliant 
displays  of  Aurora,  common  to  such  latitudes,  and  the  beauty 
of  the  icy  scenery,  and  we  may  yet  understand  that  even  in 
these  regions  there  is  an  amount  of  physical  and  intellectual 
enjoyment  to  be  derived  from  the  bounty  of  the  Creator,  who 
has  left  no  district  without  its  charms. 

Such  are  the  astronomical  causes  of  the  Midnight  Sun. 
They  inay  be  condensed  into  the  statement,  that  within  the 
polar  circles  the  sun  becomes  circumpolar,  for  a  period  in- 
creasing with  the  latitude ;  and  if  we  pay  attention  to  the 
constellations,  which  are  so  situated  with  respect  to  ourselves 
as  to  be  circumpolar,  and  also  watch  how  very  near  the  sun 
sets  to  the  north  point  of  the  horizon,  on  its  western  side,  at 
midsummer,  and  how,  in  a  few  hours,  he  rises  again  close  to 
the  north,  on  the  eastern  side,  having,  as  it  were,  only  just 
dipped  out  of  sicfht — ^we  shall  readily  undertand  how  a  ioumey 
of  afewhundreamiles  further  north  may  bring  us  to  a  posi- 
tion,  where,  having  reached  the  lowest  part  of  his  apparent 
daily  path,  he  begins  to  ascend  without  ever  having  been  lost 
to  the  gaze  of  the  observer.  The  only  difference  between  the 
sun  and  stars  is,  that  they  have  always  the  same  declination^ 
and  if  circumpolar  at  a  place  at  all,  are  always  so ;  but  the  sun 
ranges  from  23i  degs.  south,  to  23i  degs.  north ;  and  it  is 
only  when  having  north  declination  that  he  can  be  circumpolar 
to  any  part  of  the  northern  hemisphere,  and  vice  versa, 

0£  the  actual  appearance  of  the  Midnight  Sun  it  is  hardly 
necessai^  to  speak  here.  All  my  readers  have  seen,  or  will  see 
descriptions  of  the  effect  in  the  books  of  northern  travel  they 
may  come  across,  and  these  accounts  vary  with  the  tempera- 
ment of  the  traveller.  Even  fiction  has  borrowed  the  pheno- 
menon for  an  incident.  The  charming  Swedish  novelist, 
Frederika  Bremer,  in  her  tale  of  The  Midnight  Sun,  takes 
her  characters  on  a  pilgrimage  to  the  mountain  of  Avisaxa,  in 
Lapland,  to  behold  the  glorious  sight,  which  is  not,  however, 
described  in  detail,  the  authoress  being  more  occupied  with  the 
emotions  of  her  ideal  personages  than  with  the  aspect  of  Nature, 
although  the  beauty  of  the  scene  is  there  indicated  by  a  few 
graphic  touches.  Our  "  Old  Bushman,'^  in  his  Spring  and 
Summer  in  Lapla/nd,  after  indulging  in  the  poetical  reflections 
called  up  by  the  glorious  scene,  says: — ^'In  the  north-east, 
where  the  fells  were  lower,  the  sun  shone  out  of  an  unclouded 
sky,  apparently  about  a  foot  from  the  horizon^s  edge — an  angry, 
sullen,  lurid  globe  of  fire,  without  appearing  to  emit  a  single  ray 
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of  heat^  for  we  could  stare  Hm  in  the  face  without  winking.  He 
appeared  to  me  to  go  down  about  due  north,  and,  without  rising 
or  sinking,*  for  nearly  an  hour,  to  travel  eastwards,  when  he 
gradually  rose  and  assumed  his  wonted  splendour/'  We  thus 
see  that  Longfellow  is  in  error  when  he  represents  a  person 
looking  '^  southward  '*  for  the  Midnight  Sun,  as  both  theory 
and  observation  show  it  is  seen  in  the  north. 

The  author  continues,  in  language  which  is  worth  quoting  : — 
"Never  did  I  feel  my  own  insignificance  so  much  as 
when  I  descended  the  fell,  and  left  this  grand  scene  behind 
me.  Place  man  in  cities  among  his  finest  works  of  art,  among 
his  manufactories  and  machinery;  bid  him  jostle  his  way 
through  the  human  crowd  among  whom  he  lives,  and  his  lip 
may  curl  with  pride  and  self-sati^action  as  he  gazes  triumph- 
antly on  some  master-stroke  of  ingenuity,  or  chuckles  at  the 
success  of  some  mighty  speculation.  It  is  then  that  he  rises, 
as  it  were,  in  his  own  estimation,  superior  to  his  fellow  man, 
and  for  the  moment  seems  almost  to  forget  that  he  is  mortal. 
But  place  such  an  one  in  a  scene  like  this  at  the  hour  of  ^lid- 
night,  and  let  him  see  if  his  self-pride  will  not  receive  a  check  I 
He  will  now  be  able  to  compare  the  most  stupendous  works  of 
his  hands  with  the  works  of  Nature,  and  then  let  him  strike  a 
balance.  His  choicest  works  of  art  can  scarcely  vie  in  beauty 
with  the  meanest  wild  flower  he  heedlessly  crushes  under  foot, 
and  as  for  his  boasted  superiority  over  his  fellow  man,  why,  in 
this  rude  spot  the  little  untaught  Laplander  is  worth  a  dozen  of 
him.'' 

Perhaps  one  of  the  most  unlikely  places  to  expect  the  Mid- 
night Sun  to  make  its  appearance  would  seem  to  be  the  pages 
of  Thomas  Carlyle,  but,  strangely  enough,  in  SaHor  BeBo/rinia 
he  conducts  his  clothes  philosopher,  Teuflesdrockh,  to  the  soli- 
tude of  the  North  Cape,  on  a  June  mid^ught,  and  writes  (with 
which  we  must  conclude)  thus  : — "  Silence  as  of  death — ^for 
midnight,  even  in  the  Arctic  latitudes,  has  its  character : 
nothing  but  the  granite  cliffs  ruddy- tinged ;  the  peaceful 
gurgle  of  that  slow,  heaving  polar  ocean,  over  which,  in  the 
utmost  north,  the  great  sun  hangs  low  and  lazy,  as  if  he,  too, 
were  slumbering.  Yet  is  his  cloud  couch  wrought  of  crimson 
and  cloth  of  gold ;  yet  does  his  Ught  stream  over  the  mirror  of 
waters  like  a  tremulous  fire  piUar,  skirting  downwards  to  the 
abyss,  and  hide  itself  under  my  feet.    In  such  moments,  solitude 

*  This  is  probably  due  to  the  effect  of  refnotion,  which,  as  the  son  approached 
the  donee  lower  strata  of  the  atmosphere  near  the  horizon,  would  tend  to  raise  his 
disc  yery  considerably,  and  the  lower  part  to  a  greater  extent  than  the  upper. 
For  an  explanation  of  refraction,  and  any  other  tecmiical  astronomical  terms  used 
in  this  paper,  the  reader  may  consult  the  article  on  Freceasion  preyiously 
referred  to. 
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also  is  invaluable;  for  who  would  speak^  or  be  looked  on, 
when  behind  him  lies  all  Europe  and  A&ica^  fast  asleep^  except 
the  watchmen;  and  before  him,  the  silent  immensity,  and 
Palace  of  the  Eternal,  whereof  our  sun  is  but  a  porch  lamp!" 


MOSSES— GRIMMT  A  AND  SCHISTIDIUM. 

BT  M.    0.   CAMPBELL. 

While  the  "  Fair  Maids  of  February,''*  the  "  admired  of  all 
beholders,''  tremble  on  our  hedge-banks,  and  hang  their  modest 
heads,  as  if  anxious  to  shun  the  gaze  they  cannot  but  attract, 
the  elegant  Orimmia  orbicularisy  or  round-fruited  Orimmia^ 
still  more  worthy  of  regard,  may  be  found,  albeit  all  unnoted, 
spreading  its  dense  tiifts  upon  calcareous  rocks,  sometimes 
mixed  with  its  cousin  of  more  common  occurrence,  Orimmia 
jmlvinaia,  or  the  grey-cushioned  Orinvmia;  and  sometimes  in 
compact  family  groups,  braving  alone  the  storms  of  its 
weather-beaten  home. 

The  genus  named  in  honour  of  Orimm,  a  German  botanist, 
consists  of  perennial  mosses,  allied  at  once  to  Schistidium  and 
to  Ba^omiirium.  They  grow  upon  rocks  and  walls,  some- 
times in  compact  tufls,  sometimes  loosely,  and  irregularly 
casspitose,  with  capsules  which  vary  much  both  in  form  and 
position,  being  in  some  species  immersed  and  shortly  pedi- 
cellate, in  others,  excert^d,  erect,  cemuous,  or  pendulous,  on 
a  straight  or  on  a  curved  pedicel,  solitary,  and  with  a  mitriform 
calyptra  reaching  below  the  lid ;  sometimes  five  lobed  at  the 
base;  sometimes  dimidiate,  or  cloven  on  one  side.  The  inflo- 
rescence is  monoicous  or  dioicous ;  at  first  both  flowers  are 
terminal,  but  at  length,  by  growth  of  the  stem,  the  gemmiform 
barren  flower  becomes  lateral. 

The  leaves  are  semi-amplexical  and  imbricated  at  the  base, 
while  they  spread  in  the  upper  parts,  and  generally  terminate 
in  a  longer  or  shorter  semi-transparent  white  hair-point, 
usually  denticulate ;  the  upper  leaves  largest  and  tufbed  at  the 
summit  of  the  stem.  The  peristome  consists  of  sixteen  rather 
large  lanceolate  teeth,  convex  externally,  and  trabeculated ; 
bitrifid,  spreading,  or  sub-erect  when  dry;  either  purplish, 
pale  red,  or  yellowish  brown,  and  slightly  hygroscopic.  The 
columella  instead  of  being  deciduous  and  fallmg  off  with  the 
lid,  as  it  does  in  Schistidium,  shrinks  up  into,  and  remains  in, 
the  ripe  capsule,  a  circumstance  which  forms  the  chief 
difierence  between  Orimmia  and  Schistidium  ;  the  latter  might 
therefore  be  classed  as  a    sub-genus  of   Orimmia,    with  a 

*  The  BnowdTO]^— QalaniJUii  nivalis. 
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columella  adhering  to  the  lid^  and  all  its  capsules  sub-sessile  and 
immersed. 

Grimmia  orbicularis,  of  which  we  give  a  magnified  illus- 
tration^ with  stem  leaves  very  highly  magnified^  grows  on 
calcareous  rocks^  with  densely  tufted   sterns^    and  crowded 

oblong  -  lanceolate 
leaves^  having  long 
diaphanous  points^ 
and  small  dot-like 
cellules^  in  straight 
longitudinal  lines. 
These  cellules  are^ 
however,  enlarged 
towards  the  basal 
margins,  and  as 
they  descend  the 
st^m  the  leaves  are 
less  crowded,  di- 
minish in  size,  be. 

Grimnii*  orbisnlwia.  COmC    destitute     of 

the  bristle,  and  are  even  somewhat  obtuse  pointed. 

The  capsule  is  roundish,  on  a  pale  yellow  curved  fruit-stalk ; 
the  capsule  itself  as  it  ripens  passes  from  pale  yellow  to  bright 
red,  is  smooth  and  glassy  wmle  recent,  but  obscurely  striated 
or  ribbed  when  dry ;  the  walls  of  a  rather  thin  or  semi-opaque 
texture,  with  a  narrow  annulus  and  a  very  short  mammillate, 
but  never  rostellate  lid.  The  teeth  of  the  peristome  rather 
short  and  broad,  trifid,  sometimes  quadrifid  at  the  apex,  semi-* 
opaque,  of  a  pale  red,  rather  distantly  marked  externally  with 
transverse  bars,  and  much  perforated  or  crib-rose  towards  the 
base ;  they  are  erect  or  converging  when  dry.  The  calyptra 
is  dimidiate  and  soon  falls  away. 

Though  Qrvrwmia  orbicularis  ripens  its  fruit  at  an  earlier 
period,  it  sometimes,  as  we  have  before  said,  grows  intermixed 
in  the  same  tufb  with  a  more  common  species,  Orimrma  pulvi' 
nata,  or  the  grey -cushioned  Orimmia,  which  is  commonly  found 
on  walls  and  roofs,  as  well  as  upon  rocks ;  it,  too,  grows  in 
densely  tufbed  round  patches,  with  branching  stems,  from  half 
an  inch  to  an  inch  in  height,  and  with  leaves  very  much  resem- 
bling those  of  the  preceding  species,  being  eUiptic-lanceolate, 
suddenly  attenuated  and  piliferous,  terminating  in  long  white 
hair-points,  but  the  leaf  is  broader  than  in  orbicularis ;  cari- 
nate,  with  a  somewhat  stronger  nerve,  which  vanishes  below 
the  hair-points,  and  though  both  are  hoary  from  their  white 
terminal  points,  the  foliage  of  jndvinata  is  of  a  more  yellowish 
green;  that  of  orbicularis  has  a  blu^r  hue,  and  more  dingy 
appearance. 
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But  however  the  naked  eye  may  be  deceived,  placed  under 
the  microscope  the  fruit  at  once  reveals  the  species.  The 
capsule  of  G,  pulmnata  is  less  round,  and  instead  of  the  bright 
red,  has  a  dull  reddish-brown  colour,  with  rather  thick  and 
opaque  walls,  eight  ribbed  when  dry,  a  lid  conical  below,  but 
with  a  straight  beak  about  half  as  long  as  the  capsule.  The 
calyptra  not  dimidiate,  or  spUtting  one  side,  but  about  five- 
lobed  at  the  base,  and  the  annulus  broader  and  compound,  but 
quickly  unrolled  after  the  fall  of  the  lid.  The  teeth  of  the 
peristome  are  lanceolate,  deep  purpHsh  red,  more  or  less 
spreading  when  dry,  and,  as  in  orbiculwrisy  often  cloven  at  the 
apex,  which  circumstance  at  one  time  occasioned  its  being 
confounded  with  the  Dicranums. 

The  fruit  of  (?.  pulvinata  is  drooping,  forming  as  it  were 
the  tasselled  point  of  a  little  hook  reversed,  which  the  seta 
greatly  resembles ;  or  perhaps  it  were  better  to  liken  it  to  the 
curve  at  the  upper  end  of  a  shepherd^s  crook;  and  it  is 
usually  concealed  by  the  leaves  when  growing ;  it  ripens  in 
March  and  April. 

A  variety  of  this  moss,  termed  ohiusa,  has  been  found  on 
St.  Viucent  rocks,  near  Bristol,  and  on  Conway  Castle  rock, 
having  shorter  stems,  a  shorter  capsule  on  a  shorter  pedicel, 
teeth  of  the  peristome  shorter,  and  a  sharp  conical  lid,  obtuse^ 
or  mammillated. 

Orm/rma  spiraUs,  or  the  spvraUleaved  Orimmia,  has  aleio 
lanceolate  leaves,  taperipg  into  long  diaphanous  hair-points, 
but  it  cannot  be  confounded  with  either  of  those  mentioned 
from  its  slender,  almost  fiUfonn  stem,  and  its  leaves  being 
spirally  imbricated  or  contorted  round  the  stem  when  in  a  diy 
state. 

It  grows  on  dry  exposed  Alpine  rocks ;  has  been  found  on 
the  east  side  of  Slemish  mountain,  countjr  Antrim,  Ireland ; 
on  Ben  Lawers,  and  other  mountains  in  Breadalbane ;  on  the 
Grampian  mountains,  and  on  Snowdon.  Upon  its  native  rocks 
it  forms  large  dense  tufts,  which,  however,  readily  fall  asunder 
when  torn  from  them ;  of  somewhat  fragile  texture,  it  reaches 
from  half  an  inch  to  one  inch  and  a  half  in  height,  the  stem 
more  or  less  branched,  and  not  unfrequently  proliferous,  with 
lateral  flagelliform  shoots.  The  upper  leaves  and  the  peii- 
chetium  alone  terminate  in  hair  points ;  those  of  the  stem  are 
slightly  spreading,  incurved  above  the  middle,  and  are  some- 
what recurved  in  the  margin ;  the  perichsBtial  leaves  longer, 
broader,  and  concave. 

The  capsule  is  small,  of  a  pale,  reddish  brown,  ovate  or 
obovate  in  form,  and  having  eight  fiirrows  in  the  dry  state ; 
less  marked^  almost  inconspicuous  when  growing.  The  lid  is 
short,  apiculate,  scarcely  rostellate }  the  annulua  compound,  and 
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dehiscing  in  fragments;  the  teeth  of  the  peristome  rather 
long,  of  a  purplish  red,  bifid  and  recurved  when  dry ;  the 
calyptra  conico-mitriform  and  five-lobed  at  the  base.  The 
moss  is,  however,  much  oftener  found  without  than  with  the 
fruit. 

Qrimmia  tortay  or  the  twisted-leaved  Grimmiay  seems  like 
an  exaggeration  of  G,  spiralis^  which  it  greatly  resembles  in 
its  mode  of  growth ;  but  it  is  a  more  robust  species,  its  inco- 
herent tufts,  of  a  rich  olive  brown,  rising  to  the  height  of 
from  one  to  two  inches.  The  leaves  are  more  contorted  when 
dry,  and  when  they  have  diaphanous  hair-points — ^a  circum- 
stance of  only  rare  occurrence — those  points,  instead  of  being 
long,  are  very  short ;  the  leaves  are  also  acutely  carinate,  and 
channelled  along  the  nerve,  so  as  to  be  almost  conduplicate. 
No  fruit  has  as  yet  been  met  with,  nor  any  flowers  observed, 
though  the  plant  itself  is  plentiful  on  rocks  in  England,  Scot- 
land, Ireland,  and  Wales ;  but  among  the  leaves  near  the  top  of 
the  stem,  and  sometimes  adhering  to  the  back  of  a  leaf,  are 
frequently  found  jointed  thread-hke  filaments,  whose  precise 
office  is  not  yet  fully  ascertained. 

Qrimmia  triclwphylla,  or  the  Hair-'pointed  QrhnmiOf,  was 
discovered  by  Dr.  Greville  on  stone  walls  near  Edinburgh.  It 
has  since  been  found  not  unfrequent  in  similar  situations 
throughout  Britain;  and  Dr.  Taylor  met  with  it  in  Ireland; 
but  it  does  not  commonly  occur  in  fruit.  It  grows  in  soft,  lax, 
yellowish  green  patches,  with  stems  of  from  a  quarter  of  an 
inch  to  an  inch  long,  rooting  only  at  the  base,  and  with  leaves 
spreading  from  an  erect  base,  flexuose,  and  incurved  towards 
the  apex,  slightly  crisped  when  dry,  and  with  the  margin 
nearly  plane  above,  but  recurved  below.  The  finit-stalk  is 
yellowish,  longer  than  the  perichcetial  leaves,  but  curved,  as  in 
O.  pulvinata,  while  growing;  when  dry,  flexuose  and  nearly 
erect.  The  beautiM  little  capsule  is  elliptical  or  ovate-oblong 
in  form,  its  walls  rather  thin,  furrowed  or  angular  when  dry, 
and  of  a  pale  brown ;  the  lid  has  a  rather  long,  straight  beak. 
The  annulus  is  large  and  dehiscent,  the  calyptra  conico- 
mitriform  and  lobed  at  the  base,  while  the  teeth  of  the  peristome 
are  densely  barred,  sometimes  entire,  sometimes  bifid.  The  laxity 
of  its  tufts,  and  the  gradually  tapering  leaves,  sufficiently  dis- 
tinguish it  from  Q.puLvinata,  even  when  not  in  fruit,  the  leaves 
of  &e  latter  being  suddenly  and  abruptly  contracted  into  hair- 
points.  The  inflorescence,  too,  is  dioicous,  while  in  pulvinata 
it  is  monoicous. 

Another  Grimmia  with  curved  seta,  growing  on  subalpine 
rocks  in  Scotland,  Wales,  and  Cornwall,  but  of  less  frequent 
occurrence,  is  Qrvrmnia  ShuUzii,  ShuLtz's  Qrvmmiia.  It  is  a 
more  robust  species  than  the  last,  has  more  crowded  leaves. 
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which  are  snbsectmd  and  spreading,  with  recurved  mai^nB^ 
and  whioh  gradually  taper  into  long,  rough,  diaphanous,  glossy 
hair-points,  which  spread  outward  when  in  a  dry  state.  The 
capsule,  too,  is  thicker  and  shorter,  and  attached  to  a  shorter 
fruit-stalk ;  but  the  red  teeth  of  the  peristome  are  longer,  more 
tapering,  and  more  deeply  cloven — ^indeed,  so  very  long  and 
slender  are  they,  that  the  upper  portion  not  unfrequently  breaks 
off,  and  remains  attached  to  the  fallen  lid;  the  annulus  is 
broader,  and  whereas  the  inflorescence  of  G.  trichophylla  is 
dioicous,  that  of  0.  Shultzii  is  monoicous,  the  barren  gemmi- 
form  flower  being  always  found  in  the  vicinity  of  the  peri- 
chsBtium.     It  fruits  in  April  and  May. 

Gi'owing  on  shady  or  moist  alpine  rocks  in  Scotland,  Wales, 
and  Ireland,  in  large  green  or  brownish  patches, we  have  Orimmia 
patens,  or  the  tall  alpine  Orimmia,  its  stem  reaching  from  two  to 
four  inches  long,  or  even  more,  branched  and  fastigiate,  nude  of 
leaves  in  the  lower  part,  and  decumbent  at  the  base ;  the  leaves 
are  muticous,  i.e.,  destitute  of  the  slender  point ;  they  are  of  firm 
texture,  erect  and  rigid  when  dry,  rather  glossy,  the  margin 
recurved  below,  and  carinate,  with  a  stout  nerve  dorsally  two- 
winged,  by  which  curious  peculiarity  the  species,  even  in  a 
barren  state,  may  be  easily  recognized.  The  perichastial  leaves 
are  shorter  than  the  rest,  wider  below,  and  somewhat  sheathing. 
The  capsule  is  of  a  pale  brown,  smooth  at  first,  but  distinctly 
furrowed  when  dry,  and  attached  to  a  rather  short,  pale,  curved 
fruit-stalk,  the  annulus  large  and  distinct,  teeth  of  the  peristome 
long  and  bifid,  or  bi-trifid  at  the  apex,  confluent  at  the  base ; 
lid  with  rather  a  long  beak,  sometimes  straight,  sometimes 
obUque,  and  the  calyptra  usually  five-lobed  at  the  base.  Its 
season  of  fruiting,  like  that  of  O.  SchuUzii,  is  April  and  May  > 
but,  from  the  growth  of  innovations  in  the  stem  leaving  the 
fruit  in  a  lateral  position,  it  often  escapes  observation. 

Orimmia  Donniana,  or  Bonn's  Orimmia,  grows  in  small, 
round,  hoary  tufts,  with  branched  stems  that  seldom  exceed  a 
quarter  of  an  inch  in  length.  The  leaves  are  narrowly  lanceo- 
late, and  tapering  into  roughish  diaphanous  hair-points  scarcely 
half  the  length  of  the  entire  leaf,  which  is  erecto-patent  when 
growing,  erect  and  slightly  flexuose  when  dry,  carinate,  of  a 
dark  green,  with  a  slightly-thickened  border,  the  very  obvious 
nerve  prominent  at  the  back,  and  continued  to  the  hair-point. 
The  perichsstial  leaves  are  longer  than  the  others ;  the  capsule 
quite  erect,  oval  oblong,  of  a  pale  yellowish  brown,  with  thinnish 
waJls,  and  sub-excerted :  in  one  variety  immersed.  The  lid  is 
short,  conical,  seldom  more  than  one-third  the  length  of  the 
capsule,  more  or  less  obtuse,  sometimes  slightly  apiculate, 
entire,  and  without  any  marginal  groove  for  the  annulus,  which 
is  persistent.     The  teeth  pf  the  peristome  are  rather  broad. 
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densely  barred,  sometimes  perforated,  but  rarely  bifid.  It  is 
found  on  rocks  and  walls  in  mountainous  districts,  is  abundant 
near  Llyn  Ogwen,  Camaryonsliire,  and  elsewhere  about  Snow- 
don,  and  was  discovered  near  Forfar  by  Mr.  Greorge  Donn, 
after  whom  it  is  named.  It  fruits  in  March,  April,  and 
October. 

Qrimmia  ovata,  the  oval-fruited  Qrimmia,  is  a  larger 
species,  having  stems  half  an  inch  long  or  more ;  more  or 
less  compactly  tufted,  branched  and  fastigiate,  with  leaves 
of  firmer  texture,  more  opaque,  more  erect  when  dry,  and 
more  crowded  than  in  the  last  species;  the  margin  in  the 
lower  part  recurved,  which  it  is  not  in  Donrdana,  the 
nerve  broader,  but  less  defined,  and  less  prominent  at  the 
back,  and  the  perichastial  leaves  more  erect  and  sheathing. 
The  capsule  is  of  firmer  texture,  erect,  oval,  of  a  darker 
hue,  being  reddish  brown,  and  excerted  on  a  longer  pedicel ; 
the  annulus  is  large  and  dehiscent,  and  lodged  in  a  groove 
on  the  margin  of  the  lid,  which  is  longer  and  rostellate. 
It  too  is  found  on  alpine  rocks,  particularly  on  the  Breadalbane 
and  Glova  mountains.  On  Snowdon  it  is  rare.  Fruiting  season, 
October  and  March. 

Another  very  distinct  species,  with  dark  green  foliage,  and 
densely  tufted  stems  of  UtUe  more  than  half  an  inch  long,  was 
discovered  on  trap  rocks  in  King^s  Park,  Edinburgh,  by  Mr. 
B.  Brown,  and  to  which  the  name  of  Qrimmia  leucophcea,  or 
hoary  Qrimmia,  has  been  assigned.  While  growing,  the  leaves 
are  widely  spreading ;  but  when  dry  they  are  closely  imbri- 
cated, concave,  ovate,  or  elliptical,  with  plane  margins,  the 
upper  ones  suddenly  tapering  into  very  long  hair-points,  the 
lower  ones  muticous.  The  capsule  is  elliptical  or  oblong,  of  a 
reddish  brown,  erect  and  excerted,  perfectly  smooth  when  dry, 
and  with  thick  walls,  the  lid  variable  in  length,  conico-rostel- 
late,  sometimes  conical  and  mammillate,  not  quite  half  as  long 
as  the  capsule,  and  wearing  a  calyptra  five  lobed  at  the  base, 
and  covering  one-third  of  the  capsule.  The  teeth  of  the  peri- 
stome are  densely  barred,  the  bars  externally  prominent ;  they 
are  also  deeply  bi-trifid  and  perforated,  and  are  spreading 
when  dry. 

Q.  leucophcea  fruits  in  April.  It  has  been  found  in  various 
localities — on  the  coast  of  Fife ;  at  Fairhead,  on  basalt ;  Abbey 
Craig,  near  Stirling ;  and  at  Salcombe,  in  Devonshire. 

Qrimmia  unicokyr,  or  the  dingy  Gh^mmia,  grows  also  on 
alpine  rocks,  in  broad,  incoherent  lurid  patches,  with  stems 
from  one  to  two  inches  long,  more  or  less  branched,  the 
branches  fiexuose,  brittle,  and  fastigiate,  leafless  below,  but 
often  having  slender  ramuli,  with  small  ovate  imbricated  leaves, 
like  those  of  Q,  spiralis,  but  more  crowded.    The  leaves  of  this 
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species  are  obtuse  pointed^  and  destitute  of  the  bristle^  with  a 
margin  so  inflexed  that  the  upper  part  of  the  leaf  might  be 
called  semi-cyUndrical,  and  having  a  broad  nerve  which  reaches 
to  the  apex^  and  so  predominating  as  scarcely  to  be  distin- 
guished from  the  laminar  substance  of  the  leaf.  The  capsule 
is  ovate,  smooth,  yellowish-brown,  erect,  or  slightly  oblique, 
and  having  a  lid  with  a  straight  or  inclined  beak  half  as  long 
as  the  capsule,  annulus  large  and  dehiscent,  caJyptra  dimidiate 
and  rather  oblique. 

Gh'immia  atrata,  or  the  hlack-tufted  Orimmia,  somewhat 
resembles  the  last,  growing  to  about  the  same  height,  but  in: 
more  compact  tufts,  with  blackish  glossy  leaves,  ratiier  less 
rigid  than  in  unicolor,  less  obtuse,  with  a  thinner  nerve,  though 
more  distinctly  defined,  and  carinate,  which  the  leaves  of 
unicolor  are  not.  The  finiit-stalk  is  rather  thicker  and  longer, 
the  capsule  longer,  and  becoming  blackish  when  old ;  the  Ud 
has  a  shorter  beak,  and  the  calyptra  is  fugacious.  The  inflo- 
rescence in  both  is  dioicous,  but  Qrimmia-  atrata  is  the  more 
rarely  met  with.  Snowdon  and  the  rocks  above  Glen  CaUater 
have  been  given  as  its  habitats.  It  fruits  in  spring  and 
autumn. 

The  three  other  British  species  of  Grimmia  have  been 
arranged  under  the  head  of  Schistidium.  They  difiFer  firom 
those  already  described  in  very  little  more  than  having  im- 
mersed and  almost  sessile  capsules,  whose  columella  adheres  to, 
and  falls  away  with  their  lid. 

The  term  Schistiditun  is  derived  from  cr^/fo),  J  split,  or 
shiver  to  pieces,  in  allusion  to  the  lacinated  base  of  the  calyptra, 
which  is  also  so  small  as  scarcely  to  cover  the  lid. 

Schistidium  confertum,  or  the  close-tufted  Orvmmia,  is  densely 
caaspitose,  with  ovate  lanceolate  acuminate  leaves,  of  an  intense 
green  colour  above,  blackish  below,  the  upper  ones  only  shortly 
hair-pointed,  erect  and  liuid  when  dry,  deeply  and  acutely 
channelled  above,  and  with  a  strong  nerve  dilated  at  the  back; 
the  capsule  oval  or  roundish,  with  a  shortly  rostellate  lid,  no 
annulus,  and  teeth  much  perforated.  It  is  found  on  trap  or 
sandstone  rocks,  and  fruits  in  February  and  March. 

Schistidium  apocarpum,  or  the  sessile  Qrimmia,  has  con- 
siderable resemblance  to  8.  confertum;  the  capsule  is,  how- 
ever, larger,  of  darker  hue  and  thicker  texture,  that  of 
confertum  being  almost  pellucid.  8.  apocarpum,  too,  is  taller, 
more  loosely  csBspitose ;  in  the  larger  varieties  dichotomously 
branched,  and  often  procumbent;  and  the  firm,  opaque, 
shortened  capsule  has  a  wide  mouth  in  the  dry  state:  the 
teeth  of  the  peristome  are  rather  long,  and  of  a  dark  red, 
those  of  confertum  of  a  pale  red  or  orange  colour.  The  lid 
is  convex,   with  a  short   inclined    beak^    and    the  calyptra 
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torn  into  about  five  lobes  at  tlie  base.  There  are  several 
varieties  of  this  moss  with  slight  but  persistent  differences.  It 
is  found  on  rocks  and  walls^  sometimes  on  trees^  and  fruits  in 
PeblTiary  and  November. 

The  dense  duU  green  or  brownish  tufts  of  Schistidium  mari- 
timum,  or  the  Sea-side  Orimmia,  scarcely  average  an  inch  in 
height^  but  have  longer,  narrower,  and  more  rigid  leaves,  of  a 
glossy  and  almost  homy  consistence,  and  incurved  when  dry, 
especially  the  perichaatial  leaves,  which,  though  not  hair- 
pointed,  have  a  strong  exculrrent  nferve,  of  a  reddish  brown 
colour.  The  capsule  is  soft,  of  a  pale  bright  hue,  obovate- 
truncate  in  form,  without  an  annulus, "  but  with  large  teeth 
much  perforated,  and  a  rostellate  lid.  It  fruits  in  November 
and  December,  and  its  rigid,  strongly-nerved  leaves  suflSciently 
distinguish  it  from  the  preceding.  It  is  found  on  rocks  near 
the  sea,  but,  it  is  said,  '^  seldom,  if  ever,  on  such  as  are 
calcareous.'^ 

Thus  we  have  described  the  whole  family,  as  at  present 
known  and  arr&.nged,  genus  and  sub-genus,  fifteen  in  number, 
and  we  can  promise,  from  experience,  that  whoever  will  take 
the  trouble  microscopically  to  examine  their  pecuUarities,  and 
verify  our  assertions,  will  open  to  themselves  a  source  of 
intense  .and  abiding  interest. 


GUNS  AND  PEOJECTILES. 

It  is  probable  that  through  the  artillery  experiments  carried  on 
by  the  Qovemment,  and  through  the ,  experience  afforded  by 
the  siege  operations  of  the  American  war,  the  attention  of  the 
public  will  once  more  be  strongly  drawn  to  the  question  of 
arms  and  projectiles,  and  it  may  therefore  be  interesting  to 
many  readers  if  we  lay  before  them  a  few  of  the  chief  facts 
and  arguments  pertaining  to  the  question,  and  divested  of  those 
technicalities  which  so  often  deter  students  from  attempting  to 
understand  mechanical  problems. 

A  little  investigation  will  show  that  fire-arms  furnish  a 
variety  of  conditions  under  which  the  laws  and  effects  of  motion 
may  be  convisniently  exhibited,  and  it  is  certain  that  no  im- 
portant improvement  can  take  place  in  the  mihtary  and  naval 
apparatus  for  attack  and  defence,  without  great  benefit  being 
indirectly  conferred  upon  the  arts  of  peace.  We  shall  not 
attempt  to  trace  the  history  of  projectiles,  but  it  may  be  as  well 
at  the  outset  to  correct  a  popular  mistake,  that  the  rude  fire- 
arms of  our  ancestors  replaced  the  bow  and  arrow  simply  by 
reason  of  their   superiority  in  destructive  power.     This  was 
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certainly  not  the  case,  for  wliile  a  trained  archer  was  nearly 
certain  to  hit  a  man  at  150  or  200  yards^  and  good  shots  could 
accomplish  the  same  feat  at  double  those  distances,  our  soldiers 
when  armed  with  the  old  Brown  Bess  were  equally  sore  of 
missing  any  object  that  a  street  urchin  could  not  easily  hit 
with  a  stone.  The  bow  and  arrow  must,  however,  have  been  a 
most  inconvenient  arm  in  actual  war.  Unless  well  made  and 
taken  care  of,  the  arrows  could  not  be  depended  upon.  The 
bow  was  easily  damaged  and  its  string  much  affected  by  the 
weather.  Moreover,  the  arrows  were  a  bulky  form  of  ammuni- 
tion. Sixty  cloth-yard  shafts  would  make  an  awkward  load^ 
while  the  same  number  of  the  old  fashioned  cartridges  could 
be  easily  carried  in  a  small  pouch,  and  were  much  more  easily 
kept  in  good  condition.  The  introduction  of  the  bayonet  also 
gave  the  musket  a  great  advantage  over  the  bow,  for  while  the 
latter  was  worse  than  useless,  except  for  the  discharge  of  its 
projectiles,  the  former^  when  not  wanted  as  a  fire-arm^  became 
a  formidable  pike. 

As  a  weapon  to  hit  anything  with,  except  by  accident,  the 
old  musket  was  one  of  the  worst  ever  contrived,  and  the  old 
rifle  by  which  some  of  its  errors  were  corrected,  was  not  much 
better  beyond  a  couple  of  hundred  yards.  Lest  this  shoold 
seem  an  exaggeration  wo  will  recite  a  few  of  the  often  quoted 
facts  which  Sir  J.  Emerson  Tennent  brings  once  more  before 
the  public  in  his  interesting  popular  work  entitled  the  Story  of 
the  Ouns,*  He  reminds  us  that  during  the  Oaffre  war,  81,011 
cartridges  were  fired  in  one  engagement  in  order  to  make  five- 
and- twenty  of  the  enemy  fall ;  while,  during  one  of  the  gre%lf 
battles  of  the  French  war,  a  volley  fired  at  thirty  paces  only 
brought  down  three  men  out  of  a  squadron  of  caval^ 
charging  a  square.  Trials  made  in  1838  snowed  that  a  target 
three  feet  wide,  and  nearly  twelve  feet  high,  was  missed  by 
one  quarter  of  the  balls  at  150  yards^  and  at  250  yards  not  a 
single  ball  out  of  ten  hit  it  when  its  width  was  increafied  to 
six  feet. 

The  conditions  necessary  for  missing  the  object  shot  at,  were 
thus  a4mirably  fulfilled,  and  we  may  learn  something  by  ascer- 
taining what  they  were.  In  the  first  place  the  projectUe  was  a 
round  ball,  fitting  the  barrel  loosely  and  jammed  in  with  a 

Eaper  cartridge.  After  the  explosion  of  the  powder  it  would 
ump  up  and  down,  or  from  right  to  left  in  the  barrel,  and 
rotate  besides.  When  it  left  the  muzzle  no  one  could  guess 
whether  the  deviation  &om  the  true  course  would  take  it  too 
high  or  too  low,  too  much  on  one  side  or  too  much  on  the 
other.     In  addition  to  this  unknown  and  unknowable  amount 

•  TAs  story  of  the  <7iim,  bj  Sir  J.  Emenon  Tennent,  SLC.S.,   I/L.B., 
F.R.S.y  etc    Longmam. 
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of  initial  error,  it  would  safiFer  further  equally  unknown  and 
unknowable  deflections  as  it  went  along.  Its  centre  of  gravity 
might  not  have  been  co-incident  with  the  centre  of  its  sphere ; 
and  if  it  were  so  when  it  entered  the  barrel,  the  shape 
was  sure  to  suffer  firom  the  explosion,  so  as  to  throw  it  out. 
There  were  also  more  refined  reasons  why  a  round  ball  could 
not  be  depended  upon  to  move  in  one  plane  during  any  con- 
siderable flight. 

In  the  early  rifles  the  ball  was  driven  into  the  barrel  so  as 
to  fit  tight,  and  one  source  of  error  was  thus  removed.  More- 
over, it  was  found  that  the  grooving  of  the  rifles  could  be  made 
to  spin  the  ball  about  an  aids  parallel  to  the  sides  of  the  barrel 
and  coinciding  with  the  plane  of  its  intended  flight.  Under 
these  circumstances,  and  by  avoiding  crushing  the  ball  out  of 
shape  in  the  process  of  loading,  very  fair  shooting  could  be 
accomplished  at  from  fifty  to  a  hundred  yards,  and  moderately 
bad  shooting  at  twice  that  distance.  During  the  continental 
war  it  was  a  great  achievement  if  anybody  was  made  unsafe  by 
rifles  at  four  hundred  yards,  and  the  artillery  was  proportionably 
ineffective  as  a  destructive  weapon. 

Among  the  earliest  people  to  introduce  greater  precision 
into  their  arms  were  the  Americans  and  the  Swiss,  both  of 
whom  adopted  principles  pointed  out  by  Bobins,  the  mathe- 
matician, and  even  by  Newton.  Without  giving  them  exclusive 
credit,  they  practically  demonstrated  that  projectiles  must  not 
be  round,  if  the  best  effect  was  to  be  obtained.  A  round  ball 
is  easily  started  with  a  high  velocity,  but  the  surface  of  resist- 
ance it  opposes  to  the  air  is  so  great  in  proportion  to  its  moving 
power*  that  it  soon  takes  to  a  slow  trot,  and  then  comes  to 
rest.  If  three  or  four  balls  be  placed  one  behind  the  other,  it 
will  be  seen  that  so  long  as  they  touched  each  other,  and 
moved  straight  forward,  the  front  one  would  clear  the  way,  and 
the  others  would  pass  with  comparatively  little  opposition. 
This  is,  in  popular  language,  the  philosophy  of  elongated  pro- 
jectiles; but  to  enable  them  to  act  well  they  must  always- 
move  in  one  plane.  As  long  as  they  go  face  foremost,  they 
have,  as  compared  with  a  round  ball,  the  advantage  (supposing 
the  velocity  to  be  the  same)  of  the  additional  momentum  due 
to  their  greater  weight,  while  their  area  of  resistance  is  not 
proportionably  increased. 

The  mechanical  problem  which  the  improvers  of  the  rifle  had 
to  solve,  was  to  obtain  the  best  form  of  elongated  projectile,  and 

frevent  its  turning  over  or  going  side  foremost  in  its  flight, 
t  was  soon  found  that  a  long  conical  projectile  could  be  made 
to  move  with  its  smallest  and  lightest  end  foremost  for  many 

*  ^e  momentom  of  a  projectile  it  equal  to  its  weight  multiplied  bj  ita 
Telocitj. 
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hnndreds  of  yards,  provided  it  was  made  to  revolve  with  suf- 
ficient velocity  about  its  long  axis  aU  the  time.  So  successful 
were  the  Swiss  in  applying  these  principles,  that,  as  Mr. 
Wilkinson  showed  in  an  able  pamphlet  published  in  1822,  they 
could  put  twenty  bullets  in  succession  into  a  target  ten  inches 
square,  and  200  yards  off,  and  at  800  paces  they  put  forty  bullets 
into  a  target  fifty-five  inches  square.  At  1000  paces,  on  a 
calm  day,  100  bullets  in  succession  struck  a  target  eight  feefc 
six  inches  square.* 

Our  Government,  from  its  unfortunate  antagonism  to  science, 
was,  of  course,  one  of  the  latest  in  the  field,  and  then,  after  an 
expensive  blunder  with  the  so-called  ^'Minie  pattern,^'  it 
adopted  the  Enfield,  an  immense  advance  on  the  fi^rmer  rifle, 
but  constructed  in  defiance  of  the  principles  thoroughly  estab- 
hshed  by  scientific  experimenters.  The  faults  of  the  Enfield 
rifle  were,  and  are,  its  feeble  power  of  spinning  a  long  pro- 
jectile, and  the  consequent  necessity  for  using  one  of  a  clumsy 
shape  that  moves  like  a  cart-horse,  and  in  a  course  needlessly 
elevated  above  the  ground. 

Mr.  Whitworth — that  great  master  of  accuracy  in  things 
mechanical — soon  after  turning  his  attention  to  the  subject, 
produced  the  most  perfect  rifle  yet  seen.  As  might  have  been 
expected  from  his  extraordinary  talent  in  devising  the  best 
mode  of  ensuring  a  close  approximation  to  mathematical  truth 
in  workmanship,  he  is  able  to  produce  uniformity  of  excellence 
to  a  wonderful  extent.  As  stated  in  Sir  Emerson  Tennenfs 
work,  the  principle  of  Mr.  Whitworth's  success  "  was  found  to 
consist  in  an  improved  system  of  rifling,  a  turn  in  the  spiral 
four  times  greater  than  the  Enfield  rifle ;  a  bore,  in  diameter, 
one-fifth  less ;  an  elongated  projectile  of  a  mechanical  fit ;  and 
last,  but  not  least,  a  more  refined  process  of  manufacture.^' 
In  the  Enfield  rifle  ^^  the  spiral  course  to  be  traversed  by  the 
bullet  makes  one  turn  round  the  interior  of  the  barrel  in  ad- 
vancing six  and  a  half  feet ;  but  this  moderate  degree  adxnits 
only  of  the  use  of  short  projectiles,  as  long  ones  turn  over  on 
issuing  from  the  muzzle,  and  short  ones  become  unsteady  at 
great  ranges.  Mr.  Whitworth  adopted  with  his  reduced 
bore  one  turn  in  twenty  inches,  which  he  found  ample  fot 
securing  a  comparatively  steady  flight  over  a  range  of  2000 
yards.'' 

Mr.  Whitworth's  rifling  is  commonly  described  as  hexago- 
nal; but,  as  Sir  Emerson  Tennent  says,  this  is  scarcely  correct. 
''  He  converts  the  entire  inner  surface  of  the  barrel  into  some- 
thing approaching  a  hexagon,  leaving  in  the  middle  of  eacii 
division  of  the  plane  Qvrtace  a  small  curved  portion  coincident 

*  Many  wiiton  oanfonnd  the  Swin  miliiatfy  isfle  with  that  empbjed  is  TiQago 
target  shooting,  which  la  not  constraoted  for  long  range. 
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'wiiii  the  original  circular  bore  of  the  gim^  and  rounding  the 
angles  to  contribute  to  the  strength  of  the  barrel/^  His  pro- 
jectile is  made  to  correspond  by  its  polygonal  and  sloping  sur- 
faces with  the  rifling  of  the  barrel. 

Having  been  more  attentive  to  scientific  considerations  than 
the  contrivers  of  the  "  Enfield/^  Mr.  Whitworth  naturally  ob- 
tained far  greater  success^  and  we  cannot  describe  this  better 
than  in  the  words  of  Sir  Emerson  Tennent^  who  observes  : 

"  The  Whitworth  rifle  was  first  formally  tried  in  competition 

with  the  best  Enfield  musket  at  Hythe^  in  Aprils  1857 

The  success  was  surprising ;  in  range  and  precision  it  exceeded 
the  Government  musket  three  to  one.  Up  to  that  time  the 
beat  figure  of  merit  obtained  by  any  rifle  at  home  or  abroad 
was  27  :  that  is  to  say^  the  best  shooting  had  given  an  average 
of  shots  within  a  circle  of  27  inches  mean  radius  at  500  yards 
distance ;  but  the  Whitworth  lodged  an  average  of  shots  witiiin 
a  mean  radius  of  four  and  a  half  inches  from  l£e  same  distance; 
thus  obtaining  a  figure  of  merit  of  4^.  At  800  yards  its 
superiority  was  1  to  4^  a  proportion  which  it  maintained  at 
1000  yards  and  upwards.  At  1400  yards  the  Enfield  shot  so 
wildly  that  the  record  ceased  to  be  kept ;  and  at  1800  yards 
the  trial  ceased  altogether^  whilst  the  Whitworth  continued  to 
exhibit  its  accuracy  as  before.'' 

It  would  not  be  just  to  the  memory  of  the  late  General 
Jacob  to  omit  the  fact  that^  by  employing  a  well-shaped  pro- 
jectile and  a  high  twist  in  his  rifle^  he  had  achieved  a  success 
almost  as  remarkable  as  that  of  Mr.  Whitworth.  In  1855  he 
recommended  a  rifle  with  a  twenty-four  gauge  bore^  having  four 
grooves,  and  carrying  a  projectile  of  a  curved  coiodcal  form,  rest- 
ing on  a  short  cylindrical  base,  and  he  states  that  with  it  "  a  tole- 
rably good  shot  can  certainly  strike  an  object  the  size  of  a  man 
once  out  of  three  times  at  1000  yards  distance,  and  the  full 
effective  range  is  near  2000  yards — ^the  ball  at  that  range 
flying  with  deadly  velocity.''* 

An  important  question  connected  with  a  high  twist  of  the 
rifled  barrel  is,  what  influence  is  exerted  on  the  force  of  the 
projectile  and  its  range  by  the  rapid  rotation  which  it  induces  ? 
If  it  lessened  the  rapidity  of  its  flight,  so  as  to  diminish  its  de- 
siaructive  powers,  it  would  be  open  to  grave  objections.  It  is 
necessary  in  replying  to  this  inquiry  to  pay  attention  to  the 
circumstances  under  which  the  rapid  rotation  is  produced.  If 
the  Motion  of  the  projectile  against  the  sides  of  the  barrel  is 
.greatly  augmented,  a  considerable  loss  of  force  and  range 
must  be  the  result ;  but  by  adopting  different  systems  of  rifling 
and  different  projectiles,  it  is  easy  to  communicate  a  similar 
amount  of  spin  or  rotation  with  widely  different  proportions  of 

•  JBifltf  SrcMee^  hj  Hajor  John  Jftcob,  O.B.    Smiih,  Sld§r^  4*  Co. 
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loss  from  this  source.  The  practical  question  therefore  is,  how 
to  communicate  a  high  velocity  of  rotation  with  the  smallest 
amount  of  friction,  and  up  to  the  present  time  this  problem  has 
been  most  successfully  solved  by  Mr.  Whitworth.  In  an  experi- 
mental barrel,  twenty  inches  long,  Mr.  Whitworth  made  twenty 
turns,  so  that  when  the  projectile  was  fired  from  it,  the  rotation 
velocity  was  much  greater  than  the  velocity  of  the  forward  move- 
ment, and  yet  it  penetrated  seven  inches  of  elm.  In  a  paper  quoted 
by  Sir  Emerson  Tennent,  Mr.  Whitworth  says,  that  "  in  some 
projectiles  I  employ,  the  rotations  are  60,000  a  minute.  In 
the  rotation  of  machinery  8000  revolutions  a  minute  is  ex- 
tremely high,  and  considering  the  vis  viva  imparted  to  a  pro- 
jectile as  represented  by  a  velocity  of  rotation  of  60,000 
revolutions,  and  the  velocity  of  progress  60,000  feet  per 
minute,  the  mind  will  be  prepared  to  understand  how  the 
resistance  of  thick  armour  plates  of  iron  is  overcome,  when  such 
enormous  velocities  are  brought  to  a  sudden  standstill."  The 
smallest  amount  of  friction  will  take  place  between  smooth^ 
nicely  adapted,  perfectly  clean  and  well  lubricated  surfaces^ 
fitting  tight  enough  to  prevent  the  escape  of  the  gasses  that 
impel  the  projectile,  but  not  jammed  against  each  other  with 
needless  force.  The  inside  of  a  good  rifle  should  therefore 
have  a  shape  that  is  easily  kept  clean,  and  in  this  respect 
Mr.  Whitworth's  modified  hexagon,  and  Mr.  Lancaster's  oval, 
possess  an  advantage  over  all  intricate  groovings. 

A  cannon  is  merely  an  enlarged  shoulder  gun,  to  be  fired 
firom  a  mechanical  stand,  instead  of  from  the  human  body. 
It  however  presents  peculiar  diflBculties  in  its  requirements. 
In  the  first  place,  its  size  is  an  obstacle  to  perfect  workmanship. 
It  is  comparatively  easy  to  forge  a  rifle  barrel  weighing  from  five 
to  eight  pounds,  without  any  flaws  or  defects ;  but  the  same 
process  cannot  be  repeated  with  the  same  certainty  with  a  barrel 
weighing  several  hundred-weights,  or  tons.  The  cast  iron 
ordnance  was  an  attempt  to  make  quantity  of  material  a  sub- 
stitute for  quality,  which  had  to  be  abandoned  when  greater 
perfection  of  performance  was  required.  Then  homogeneous 
iron  carefiilly  forged,  together  with  various  modes  of  strength- 
ening the  barrel  by  additional  layers  of  metal,  either  welded 
on,  or  simply  forced  on  in  close  contact,  had  to  be  resorted  to. 
An  interesting  work  might  be  written  on  this  part  of  the  ques- 
tion, and  on  the  various  modes  that  have  been  adopted  with 
greater  or  less  success ;  but  we  must  not  pursue  the  subject 
now,  or  we  should  be  led  too  far  away  from  other  considerations. 
Let  us  pass  to  a  second  peculiarity  in  cannons  as  compared 
with  muskets — ^the  necessity  for  firing  hard  iron  projectiles, 
instead  of  soft  lead,  that  readily  accommodates  itself  to  rifle 
grooves.    If  a  cylinder  of  lead  or  any  other  soft  metal  is 


Ouns  and  Projectiles*  1 19 

dropped  into  a  barrel  wliicli  it  loosely  fits^  the  moment  the 
powder  ia  ignited  it  "  hammers  up  »  liat  is  to  say,  its  nether 
extremity  receives  such  a  rapid  thump  that  the  mass  has  no  time 
to  evade  its  force  by  getting  out  of  the  way^  and  consequently  the 
projectile  is  instantly  made  thicker  and  shorter.  An  iron 
cylinder  would,  with  an  ordinary  charge  of  powder,  be  so 
slightly  acted  upon  in  this  manner,  that  it  would  not  be  driven 
into  the  grooves,  and  if  it  were  so  driven,  the  friction  would  be 
tremendous  in  the  subsequent  attempt  to  force  it  through  the 
barrel.  Mr.  Lancaster  proposed  elliptical  iron  shot,  and  barrels 
of  an  elliptical  form,  with  the  major  axis  twisting  in  a  spiral  as 
it  descended.  This  plan  achieved  considerable  success  with 
rifles  and  leaden  projectiles ;  but  failed  when  applied  to  cannon. 
General  Jacob  proposed  four-grooved  cannon,  and  four  pro- 
jections or  wings  irom  the  balls.  Sir  William  Armstrong, 
with  great  skill,  constructed  cannon  to  fire  compound  projec- 
tiles— ^iron  for  strength  and  penetration,  and  lead  to  tskke  the 
rifling,  as  in  smaU  arms. 

It  is  impossible  to  look  at  an  Armstrong  gun  without 
great  admiration  for  the  beauty  of  its  manufacture ;  and  its 
performance  is  astounding  for  accuracy  if  compared  with 
most  other  patterns.  Independent,  however,  of  the  defects 
of  its  method  of  breech-loading,  it  seemed  marked  out  from 
the  beginning  as  a  provisional  weapon  only.  Projectiles 
composed  of  two  metals  could  only  be  regarded  as  substi- 
tutes for  the  best  mode  of  making  and  discharging  projectilcfi 
made  entirely  of  iron  or  steel.  The  grooving  of  the  Armstrong 
gun,  although  very  beautifrd,  was  a  recurrence  to  a  plan  not 
found  to  be  the  best  in  small  arms.  A  multiphcity  of  small 
sharp  grooves  with  a  moderate  twist  marked  the  weapon  as 
likely  to  lose  much  power  by  needless  friction,  and  not  to  be 
able  to  attain  a  maximum  of  velocity  or  range.  So  successful 
has  Mr.  Whitworth  been  in  this  matter  tlukt,  as  Sir  Emerson 
Tennent  states,  ^^  The  average  initial  velocity  of  a  sixty-eight 
pound  spherical  shot  thrown  from  a  smooth  bore,  with  a  charge 
of  one  quarter  its  weight  of  powder,  is  1600  feet  in  a  second, 
and  this  it  very  speedily  loses.  On  the  other  hand,  with  a  shot 
of  the  same  spherical  form,  but  rifled  to  fit  the  gun,  Mr.  Whit- 
worth^s  obtains  an  initial  velocity  of  2200  feet  in  a  second.'' 
This  increase  of  velocity  is  obtained  by  the  accurate  fit  of  the 
projectile,  and  consequent  prevention  of  the  escape  and  waste 
of  the  gases  into  which  gunpowder  is  resolved.  In  the  Arm- 
strong pattern  the  gain  would  be  less,  because  the  friction  is 
so  much  more.  Sir  William  estimates  the  force  required  to 
squeeze  his  twelve-pound  shot  into  the  grooves  of  his  cannon 
at  several  tcyiis,  "  whereas  in  the  Whitworth  gun,  the  shot  being 
already  rifled  and  fitted  to  the  bore,  it  may  be  started  and  drawn 
through  the  barrel  with  a  silken  thread.'' 
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The  advantage  of  great  velocity  and  capacity  for  extreme 
range^  is  not  confined  to  distant  shots^  as  it  is  a  most  important 
element  in  facility  of  hitting  any  object  whose  distance  is  not 
exactly  known.  Suppose  it  possible  for  a  projectile  to  move  in 
a  straight  line  from  the  muzzle  of  the  gun  to  the  object  shot  at^ 
no  change  of  elevation  would  then  be  required  for  different  dis- 
tances. Now  the  nearer  you  can  approximate  the  path^  or 
trajectory^  of  a  projectile  to  a  straight  line^  the  less  it  matters 
whether  you  guess  the  distance  a  little  more  or  less.  If  the  pro- 
jectile goes  high  up  in  the  air  above  the  object,  and  then  rapidly 
tumbles  down  to  it  in  a  descending  curve,  accurate  shooting 
may  be  managed  at  targets  whose  exact  distance  is  known;  but 
an  error  of  a  few  yards  in  guessing  the  distance  and  arranging 
the  elevation  would  cause  an  object  that  was  not  very  tall  to  be 
entirely  missed.  Again,  in  firing  at  an  advaaicing  body  of  men, 
the  ball  that  goes  up  in  the  skies  and  then  plumps  down,  is 
very  unlikely  to  hit  more  than  one  if  the  best  aim  be  t<aken, 
while  the  comparatively  straight-going  ball  may  knock  down  a 
dozen,  one  behind  the  other. 

We  must  now  consider  another  point — ^the  power  of  projec- 
tiles to  penetrate  iron  plates  or  other  shock-resisting  medium. 
This  needs,  first,  great  velocity;  secondly,  sufficient  weight 
and  strength  in  the  projectile ;  thirdly,  such  a  shape  as  will 
enable  the  projectile  to  break  through  the  resistance,  and  not 
be  broken  itself.  Pointed  shots  fail  against  great  resistance, 
because,  at  the  moment  of  striking,  their  pointed  ends,  bein^ 
unsupported,  give  way.  Flat-headed  cylinders  appear  to  answer 
best,  and,  if  proceeding  quick  enough,  easily  punch  their  way 
through  targets  like  the  sides  of  our  "  Warriors,^*  which  were 
supposed,  until  tried,  capable  of  resisting  any  force.  An  inte- 
resting epitome  of  various  experiments  with  the  Whitworth 
and  Armstrong  guns  is  given  by  Sir  Emerson  Tennent,  but  we 
shall  not  dwell  upon  these  incidents :  first,  because  they  are 
pretty  well  known ;  and  secondly,  because  further  experiments 
may  throw  them  into  the  shade. 

We  will,  however,  recall  two  experiments,  in  one  of  which 
a  solid  hexagon  shot  weighing  129  pounds  was  fired  from  a 
Whitworth  gun  at  600  yards.  It  struck  the  target  within  an 
inch  of  a  white  spot  at  which  it  was  aimed,  and  pierced  Ai 
inches  of  iron,  and  shattered,  though  it  did  not  pass  through, 
18  inches  of  teak  lined  with  iron  f  ths  of  an  inch  thick,  and 
supported  by  upright  angle  irons,  that  arrested  its  course. 
Mr.  Whitworth  afterwards  fired  a  shell  through  the  same 
target.  When  the  projectile  struck  the  target  a  bright  sheet 
of  flame  was  occasioned  by  the  sudden  arrest  of  such  an  amount 
of  motion. 

Whfin  rifle  ordnance  was  first  seriously  discussed,  it  was 


Qtme  amd  PrajedileB,  121 

predicted  that  they  would  not  do  for  shells ;  but  Sir  William- 
Armstrong  proved  that,  on  the  contrary,  they  would  fire  a 
more  destructive  kind  than  had  been  previously  employed, 
while  Mr.  Whitworth  demonstoited  that  if  made  of  the  right 
pattern,  they  could  be  easily  driven  through  aay  of  the  iron 
ships  in  the  navies  of  England  or  France. 

When  projectiles  are  fired  from  guns,  their  velocity  di- 
minishes as  they  proceed,  and  no  attempt  has  as  yet  been  suc- 
cessful to  give  the  requisite  accuracy  to  rockets,  which  supply 
their  own  motive  power  as  they  go  along.  Sir  William  Con- 
greve  did  much,  and  Mr.  Hall  improved  upon  his  plans;  but 
no  rocket  has  yet  approximated  to  the  accuracy  of  a  shot  re- 
ceiving its  impulsion  from  a  charge  of  powder  in  a  gun.  An 
ordinary  projectile  suffers  no  change  in  the  position  of  its 
centre  of  gravity  during  its  course ;  but  a  rocket  carries  a 
composition  that  goes  on  burning,  and  thus  it  may  be  said  to 
be  continually  discharging  ballast,  and  shifting  its  weight. 
Whether  this  will  ever  be  compensated,  and  whether  it  will 
also  be  found  possible  to  regulate  the  direction  and  force  of  the 
gases  discharged  from  its  tail,  we  do  not  venture  to  say ;  but 
if  some  future  Whitworth  could  perfectionate  a  rocket  fired 
from  a  rifled  gun,  it  would  probably  penetrate  anything  that 
could  be  made  to  float. 

The  size  of  ordnance  is  almost  as  important  as  their  con- 
struction, and  perhaps  a  rule  might  be  laid  down  to  use  the 
biggest  that  all  the  circumstances  conveniently  permitted. 
There  are  cases  in  which  small  guns  fired  often,  would  be  more 
advantageous  than  big  ones  fired  at  greater  intervals ;  and  it  is 
certain  that  monsters  could  not  be  fired  as  often  and  as  quickly 
as  those  of  moderate  size.  In  other  cases,  as  in  attacking 
ships  or  forts,  size  must  be  an  important  element  of  success — 
a  single  shell  of  great  bulk  being  able  to  destroy  any  vessel  it 
could  penetrate,  or  blow  up  an  immense  quantity  of  earth  or 
stone  work.  Should  our  engineers  succeed  in  constructing 
really  serviceable  guns,  capable  of  throwing  1000-pound  shot 
or  shell,  ships  might  become  simply  floating  stocks  for  one  or 
more  of  such  barrels,  and  in  any  case  it  may  be  doubted 
whether  leviathan  vessels  that  ofier  so  much  to  shoot  at,  and 
are  so  difficult  to  manage,  will  maintain  their  ground. 

We  shall,  in  conclusion,  say  a  few  words  on  explosive  sub- 
stances, and  their  action.  In  dealing  with  a  projectile  you 
wish  to  communicate  to  it,  as  a  whohy  as  much  motion  as  you 
can.  When  your  powder  is  exploded,  a  solid  is  suddenly  con- 
verted into  gases,  which,  in  a  highly  heated  state,  are  supposed 
to  occupy  more  than  2000  times  the  original  bulk.  The  velocity 
of  the  transition  from  the  solid  to  the  gaseous  state  is  also 
enormous,  though  far  less  than  in  certain  other  compositions  of 
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an  analogous  nature.  Now  it  is  possible  to  strike  the  base  of 
the  projectile  and  the  sides  of  the  gun  with  such  force  and 
velocity  as  to  break  up  their  cohesion ;  but  this  is  destroying 
the  carriage  and  the  passenger  instead  of  conveying  him  quickly 
to  his  legitimate  destination.  When  we  sit  in  a  railway  train 
and  the  engine  starts^  we  feel  a  jerk  as  the  coupling  chaons  are 
extended,  and  the  vehicles  are  pulled.  If  this  jerk  were 
greater  than  the  chains  would  bear,  they  would  be  broken,  and. 
perhaps  the  carriage  also,  but  we  should  scarcely  move.  If  the 
engine,  as  it  sometimes  is  the  case,  were  placed  behind,  and  it 
shoved  the  carriages  too  rapidly,  they  would  be  smashed 
without  receiving  much  forward  motion.  This  will  explain 
why,  with  gunpowder,  or  its  substitutes,  too  great  a  velocity 
of  action  will  not  answer.  The  chemical  composition,  the  size 
of  the  grains,  the  mode  of  ignition,  all  influence  the  rate  at 
which  solid  gunpowder  is  chaQged  into  heated  gas.  When  it 
is  intended  to  bum  a  given  quantity  of  powder  in  order  to 
communicate  velocity  to  a  projectile  of  particular  weight,  the 
preceding  circumstances  have  to  be  considered,  and  also  the 
best  mode  of  packing  the  powder,  whether  it  shall  occupy  a 
broader  or  a  shorter  column.  The  length  of  the  barrel  most 
also  be  proportioned  to  the  quantity  of  powder  and  the  rate  at 
which  it  bums. 

Hitherto,  gunpowder  has  not  been  surpassed  for  practical 
utility  in  fire-arms,  but  recent  Austrian  experiments  again 
revive  the  claims  of  gun-cotton,  and  perhaps  other  compounds, 
as  yet  unknown,  may  prove  more  convenient  than  either. 
Looking  at  this,  and  to  other  probabilities,  we  must  not  expect 
that  we  are  to  solve  for  ever  the  problem  of  the  best  gun  and 
the  best  projectile.  All  that  we  can  reasonably  desire  is,  that, 
whether  the  skill  of  our  nation  is  permitted  to  develope  itself 
in  peace,  or  unfortunately  compelled  to  exercise  itself  in  war, 
we  may  be  amongst  the  foremost  in  science,  and  amongst 
the  most  ready  to  welcome  useM  novelties  and  cast  old 
prejudies  and  ignorances  aside. 
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AEROLITES  WITH  LOW  VELOCITIES. 

The  following  is  a  translation  of  the  principal  passages  of  a 
letter  by  M.  L.  Soomann,  in  Comptes  Bendus^  4th  January, 
1864  :— 

'^  I  have  the  honour  to  present  to  the  Academy  the  largest 
fragment  that  was  picked  up  of  two  aerolites  which  fell  on  the 
7th  December  last  at  Tourinnes-la-Grosse,  nine  leagues  south 
of  Louvain  in  Belgium.  The  desire  to  obtain  good  specimens 
for  the  scientific  collections  of  Paris,  caused  me  to  visit  the  spot 
immediately  after  the  event.  The  periodical  Les  Mondes  pub- 
lished in  its  number  for  the  20th  December,  statements  col- 
lected from  ocular  witnesses  of  the  fall,  and  which  differ  little 
from  similar  relations.  The  largest  stone  was  seen  to  shatter 
itself  on  the  pavement  of  the  village.  Fragments  were  collected 
and  carried  off  by  different  persons,  but  the  greater  part  was 
reduced  to  dust  and  lost.  The  second  stone  was  found  two 
days  afterwards  in  a  fir-wood  about  two  kilometres  from  the 
village.  It  is  from  this  aerolite  I  obtained  the  two  large  pieces 
which  I  place  before  the  Academy ;  the  remainder,  which  was 
twice  as  big,  seems  to  have  been  destroyed  by  persons  who 
wished  to  see  its  inside.  Both  stones  are  exactly  alike,  except 
that  some  spots  of  rust  soil  the  fragments  of  the  first,  which 
were  exposed  to  the  dampness  of  the  earth  before  they  were 
picked  up.  The  clean  stone  is  whitish-grey,  of  a  fine  close 
texture.  Its  density  is  3*52,  and  disseminated  through  it  are 
very  small  metallic  grains,  some  of  a  fine  silver- white,  attracted 
by  the  magnet,  and  others,  more  numerous,  of  a  bronze  colour, 
not  magnetic,  but  soluble  in  hydrochloric  acid,  with  disengage- 
ment of  sulphuretted  hydrogen — characters  indicating  metallic 
iron  and  sulphuret  of  iron.  The  stony  matter  was  slightly 
fusible,  and  readily  attacked  by  hydrochloric  acid.  Scattered 
through  it  were  rare  globules  of  a  brown  substance  easily  iso- 
lated by  soaking  the  stone  in  concentrated  hydrochloric  acid. 
When  separated,  these  globules  fuse  with  great  difficulty  into 
a  black  enamel,  while  the  acid  exhibits  the  green  tint  charac- 
teristic of  nickel.'^ 

Mr.  Scemann  then  states  that  the  facts  relating  to  these 
Belmin  aerolites  suggest  observations  analogous  to  those  he 
made  with  reference  to  the  fall  which  took  place  at  Ormes  in 
October,  1857.  Aerolites  have  been  supposed  to  arrive  with 
planetary  velocity  within  the  earth's  sphere  of  attraction,  and  he 
refers  to  the  efforts  that  have  been  made  to  compute  the  heating 
effect  of  an  arrestation  of  their  motion  by  the  resistance  of  our 
atmosphere,  and  states  that  Bunsen  and  Bronn  in  the  Neues 
Jahrbuch  der  Mineralogic,  1857,  j9,  265,  calculate  that  the  com- 
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plete  arrestation  of  a  mass  of  iron  having  saoh  a  propukive  force 
wonld  raise  its  temperature  a  million  degrees,  of  which,  the 
greater  part  wonld  be  lost  by  radiation  and  contact  with  the 
air.  "  It  is  supposed,"  he  adds, ''  that  a  black  crust  invariably 
found  in  aerolites  is  the  effect  of  fiision  resulting  from  the  Mc- 
tion  of  the  air.  The  strong  detonations  have  been  attributed 
to  the  explosion  of  the  aerolites  in  consequence  of  the  great 
tension  resulting  from  the  coldness  of  their  interior,  and  the 
heat  of  their  exterior  portions."  If  these  theories  were  accepted, 
he  points  out  that,  it  would  be  necessary  to  assign  to  all  aero- 
lites having  a  black  glazed  surface  and  experiencing  detonation, 
a  velocity  sufficient  to  fuse  their  external  parts.  In  the  case  of 
the  aerolites  of  Tourinnes  ho  affirms  that  the  velocity  was  very 
moderate — certainly  less  than  that  of  cannon-shot.  In  proof 
of  this  he  remarks,  that  when  a  body  advances  with  great  velocity 
its  form  cannot  be  seen,  while  at  Tourinnes  those  who  saw  the 
aerolite  agree  that  it  looked  like  an  elongated  cylinder. 

The  second  proof  of  small  velotitj  he  derives  from  the  fact 
that  persons  who  heard  the  explosions  had  time  to  get  out  of 
their  houses  and  look  at  the  aerolite  before  it  fell.  Thus  it 
could  not  have  advanced  as  quickly  as  the  sound  travelled.  In 
the  case  of  the  aerolite  of  Ormes,  a  mason  assured  him  that  the 
fragments  of  the  stone  bumped  from  branch  to  branch  of  the 
tree  on  which  they  fell.  At  Tourinnes  "  the  second  stone,  sup- 
posed to  have  weighed  six  or  seven  kilogrammes,  struck  a  young 
fir  about  eight  centimetres  in  diameter;  and  although  its  trunk 
was  completely  flattened  by  the  force  of  the  blow,  it  was  neither 
cut  through  nor  penetrated  by  the  great  projectile,  the  force  of 
which  appears  to  have  been  completely  deadened,  as  the  stone 
was  found  half  buried  in  sandy  soil  less  than  a  metre  to  the 
right  of  the  tree." 

The  heat  of  a  portion  of  one  of  these  aerolites,  picked  up 
immediately  after  its  fall,  was  estimated  at  50**  Cent. 

It  will  be  interesting  to  see  what  comments  astronomers 
and  physicists  will  make  upon  these  curious  observations. 
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THE  WIND  AM)  ITS  DIRECTION. 

BY  E.  J.  LOWE,  P.E.A.S.,  P.L.S.,  ETC. 

The  registration  of  the  changes  of  the  wind  as  marked  down 
by  the  *^  Atmospheric  Recorder/'  is  known  to  but  few  persons. 
Only  one  instrument  is  at  work,  and  this  is  at  the  Beeston 
Observatory.  The  value  of  the  instrument  is  so  great  that  it 
deserves  to  be  described. 

The  late  Mr.  Henry  Lawson,  F.R.S.,  of  Bath,  and  the  late 
Mr.  George  Dollond,  were  the  inventors  and  constructors  of  this 
machine. 

Sir  John  Herschel  had  published  a  request  to  all  observers 
to  make  constant  observations  for  twenty-four  hours  on  four 
specified  days  in  each  year ;  and  Mr.  Lawson  being  an  inge- 
nious mechanic  and  an  active  observer  of  the  weather,  considered 
that  he  was  bound  as  a  philosopher  to  assist;  he  therefore 
determined  to  have  a  machine  constructed  that  should  record 
by  mechanical  contrivances  all  the  changes  that  take  place  in 
the  atmosphere  at  the  time  of  the  occurrence.  After  expending 
many  hundred  pounds,  he  at  last  succeeded  in  producing  an 
instrument  that  would  do  the  following  work  with  a  number  of 
pencils  and  zero  pencils : — 

Pencil  1  records  the  hour  on  the  west  edge  of  the  paper. 
„      2  is  the  zero  pencil  for  rain. 

„      3  records  the  commencement  and  termination  of  every 
shower,  and  the  amount  of  rain  fallen  every  minute. 
„      4  is  the  zero  pencil  for  evaporation. 
„      5  records  the  amount  of  evaporation  every  minute. 
„      6  is  the  zero  pencil  for  temperature  (marking  the  ifreezing 

point) . 
„      7  records  the  temperature  of  the  air  every  fifteen  minutes. 
„      8  is  a  zero  pencil  for  wind  direction,  drawing  the  zero  of 

a  west  wind. 
„      9  is  a  zero  pencil  for  wind  direction,  drawing  a  north  or 
south  wind  according  as  the  curve  is  convex  or  con- 
cave on  this  line. 
„    10  is  a  zero  pencil  for  wind  direction,  drawing  the  zero  of 

an  east  wind. 
„    11  records  the  wind^s  direction  every  minute. 
„    12  is  the  zero  pencil  for  the  force  of  the  wind. 
„    13  records  the  force  of  the  wind  in  oz.  and  lb.  pressure 

on  the  square  foot  every  minute. 
y,    14  \  are  the  zero  pencils  of  the  hygrometer,  the  one  drawing 
I      the  line  oi  perfect  dryness,  the  other  that  of  perfect 
f,    15  j      saturation. 
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Pencil  16  recorda  the  hy^rometiical  state  of  the  tor  every  fifteen 
minutes. 
„      17  records  the  amount  of  atmoapherio  electricity. 
„      18  \  zero  pencils  &om  the  barometer,  the  one  marking  a 
>     zero  of  28  inches  pressnro,  and  the  other  one  of  31 
„      19 )      inches. 
„      20  records  the  height  of  the  barometer   every   fifteen 

minutes. 
„      21  records  the  hour  on  the  oast  edge  of  the  paper. 
It  will  thus  bo  seen  that  twonty-one  pencils  are  constAntly 
employedj  and,  in  fact,  doing 
""■  the  work  of  a  whole  corps  of 

observers.  Our  present  pur- 
pose is  not  to  describe  the 
instrument  except  as  regards 
the  wind-pencils. 

It  is  of  the  greatest  im- 
portance to  have  the  means  of 
knowing  when  every  change  in 
the  wind  takes  place ;  and  were 
a  dozen  instruments  like  the 
"  Atmospheric  Recorder"  in 
*"J' ?°  action,  in  as  many  well-selected 
places  in  England,  we  should 
speedily  know  more  about  the 
wind  and  its  movements. 
Waves  of  air  would  be  de- 
tected, and  the  time  when  they 
passed  across  each  observatory 
accurately  recorded. 

From  this  instrument  we 
learn  that  the  wind  works  in 
several  different  wajrs,  at 
one  time  a  steady  imvwveable 
current  in  a  certain  direction, 
which  can  change  to  any  other 
direction  without  oscillation ; 
at  another,  it  is  nodding  on  a 
certain  point  of  the  compass ; 
whilst,  at  a  third,  it  oaeillatet, 
and  sometimes  violently,  so 
that  (as  instance)  a  south  wind 
may  be  immoveable  in  south, 
or  it  may  slightly  move  1*  or 
2°  on  either  aide  of  south,  or 
it  may  oscillate  from  S.W.  to  S.E,,  or  even  from  W.  to  E., 
and  still  be  a  south  wind. 
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To  tmderstand  this  correctly  we  will  take  several  examples^ 
but  before  doing  so^  it  is  requisite  to  mention  that  a  long  piece 
of  drawing  paper  is  placed  upon  a  roller ;  this  passes  between 
two  brass  cylinders  on  to  a  glass  table^  at  the  end  of  which  is 
another  roller  with  weights,  a  clock  drives  this  paper  across  the 
table  at  the  rate  of  half  an  inch  an  hour,  and  the  roller  and 
weights  wrap  it  up  after  the  records  hftve  been  made.  Fig.  1 
is  an  exact  copy  of  the  movements  of  the  wind  on  the  30th  of 
last  August,  the  two  stars  showing  the  direction  at  9*20  a.m. 
and  7*45  p.m.  The  line  WW  is  the  zero  of  a  west  wind,  the 
line  EE  that  of  an  east  wind,  and  the  line  NN  that  of  a  north 
wind,  if  the  curve  is  concave,  but  south  if  convex.  It  will  be 
sufficient  to  say,  that  if  the  wind  pencil  (which  writes  amongst 
these  three  lines)  touches  the  line  E,  it  must  be  east  and  so  on. 
The  wind  on  August  80th,  1863,  is  an  example  of  a  stationary 
wind,  although  the  changes  between  10  a.m  and  8  p.m.  were 
most  extraordinary.  The  wind  had  been  blowing  WNW.  where 
marked  A,  on  reaching  the  star 
(*)  NW.,  at  B  it  was  NNW.,  W 
moving  in  one  sweep  from  B  to 
C,  at  0  it  was  NNE.,  in  which 
quarter  it  remained  till  the  point 
I)  was  reached,  it  then  veered  in 
one  sweep  through  east  (D')  and 
south  (D")  to  nearly  SSW.  (E), 
remaining  in  this  quarter  to  P, 
then  sweeping  through  E.  to  NE. 
(G)  at  7.40  p.m.,  remaining  for 
some  time  in  this  quarter,  and 
becoming  NNE.  at  H,  so  that 
from  A  to  Gr  in  the  space  of 
twelve  hours  the  wind  moved — 
WNW.  to  NNE.  =    90' 

NNE.  to  SSW.  =  180' 

SSW.  to  E.         =  11 2 J' 
E.  to  NE.     =     45* 


427i' 
Or  427'5'  without  a  single  oscil- 
lation. 

In  Fig.  2  we  have  a  different 
character  of  wind  (the  example 
being  on  January  25th,  1864), 
what  I  have  called  a  nodding 
wind,  on  WSW.,  with  veerings 
to  SW.  at  A,  B,  and  C,  and  a 
singular  change  through  S.  to  ESE.  at  D,  and  back  again  in 
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lialf  an  honr,  anotber  change  at  10  a.m.  to  SSW.,  and  back 

again,  after  which  the  wind  oscillated  gently  on  WSW. 

In  Fig.  3  (Jannary  2Srd, 
1864)  we  have  an  example  of 
an  oscillating  wind,  which 
^  was  violent  at  first  on  S. 
(the  oscillations  reaching 
from  SW.  to  ESE.),  then 
SSW,  (the  oecillatiouB  ex- 
tending from  W  to  SSE) ; 
fit  &'20  a.m.  suddenly  veer- 
ing to  WNW.  (with  email 
oscillations)  and  then  to 
3  WSW.  In  this  diagram  a 
galo  of  wind  occurred,  and 
the  manner  of  regiatiation 
is  shown  in  Fig.  3,  the  line 
0  0  being  the  zero  pencil 
line  of  a  calm,  and  A,  B,  C 
'^"''  ■*■  theregiatrationof  the  wind's 

force  on  the  square  foot,  the 

greatest  violence  of  the  gale  occnrring   at  B,  when  71b.  was 

registered. 

The  value  of  auch  a  aeries  of  registration  is  great,  and 

especially  so  since  Mr.  James  Glai- 

sher  has  shown  that   a  wind  law  ^ 

exists,  a  law  of  movement  in  which 

in  some  years  the  direct  movements 

exceed  the  retrograde ;    whilst  in 

other  years  the  retrograde    move- 
ments predominate,  i.e.  .when  direct, 

working  forward  like  the  hands  of 

a  watch,  and  when  retrograde,  mov- 
ing in  tie  opposite  direction. 

The    contrivance    ia   so   simple 

that  it   cannot   get   out   of  order, 

consisting  of  a  simple  brass  rod,  to 

the  upper  end  of  which  a  wind  vane 

is  attached,  whilst  at   the  base  a 

pencil  on  a  short  arm  records   all 

the  movements  as  the  rod    itself 

turns  round.  Fig.  4.    This  brass  rod 

is  taken  advantage  of  for  the  wind's 

force;  being  hollow,  a  wooden  rod 

extends  through  it,  attached  to  a  ( 

force  board   on  the  vane;   whilst 

immediabely  above  the  registration  table  a  cradle  is  snspQodod, 


Coihstancy  of  Solar  Light  and  Heat.  129 

to  which  is  attached  a  conical  cup  containiag  different  lead 
weights,  ranging  from  half  an  ounce  to  36  pounds.  According 
to  the  force  of  the  wind  these  weights  are  raised,  and  the 
pencil  marks  the  ezact  weight  lifted  up. 

The  ^'Atmospheric  Recorder^'  and  many  other  meteoro- 
logical instruments  were  presented  to  me  by  Mr,  Henry  Lawson, 
and  are  now  doing  mo  good  service  at  the  Boeston  Observatory. 


CONSTANCY  OF  SOLAR  LIGHT  AND  HEAT. 

BT  ALEXANDER  S.  HERSCHEL,  B.A. 

Those  who  admit  no  waste  of  power  in  the  different  opera- 
tions of  the  energies  of  nature  miist  encounter  the  difficult 
question  of  the  maintenance  of  a  constant  source  of  light 
and  heat  upon  the  surface  of  the  sun.  The  sun  constantly 
delivers  to  the  earthy  in  heat  alone^  an  energy  equal  to  the  hun- 
dredth part  of  that  force  by  which  it  constantly  draws  the 
earth  into  a  spiral  path  about  itself.  This  is  but  the  two  thou- 
sajid  millionth  part  of  the  total  heat^  or  energy^  which  the  sun 
continually  develops  and  dismisses  into  space ;  yet  the  efflux 
is  unabated^  and  has  apparently  remained  the  same  from  the 
earliest  historic  ages^  and  from  the  remotest  ages  of  geology^ 
to  the  present  time. 

Misled  by  the  almost  fabulous  scale  of  this  outlay^  some  havo 
attempted  to  persuade  themselves  that  a  new  theory  of  solar 
radiation  might  prove  the  estimate  to  be  overdrawn.  They 
propose  to  consider  that  solar  heat^  like  gravity^  is  imparted 
only  to  surrounding  objects,  by  a  species  of  reciprocation,  or 
by  a  sympathetic  interchanire  between  the  sun  and  other 
^dies  /aad  that  it  is  the  part  of  surrounding  bodies  to  disperse 
the  solar  heat  into  space  under  the  usual  laws  of  radiation 
and  in  the  ordinary  form  of  radiant  heat :  did  they  not  do  so, 
that  these  bodies  and  the  sun  would  reach  an  equilibrium  of 
temperature  by  an  interchange  of  heat,  and  would  maintain  it 
unabated  to  the  end  of  time« 

This  theory,  in  itself  incredible,  makes  it  yet  apparent  that 
if  areaeonablf  explanation  could  b^  given  of  Ue  SLtancjr  of 
solar  light  and  heat  it  would  be  accepted,  by  analogy,  as  a 
step  towards  the  better  understanding  of  the  great  law  of 
Newton — ^that  one  particle  constantly  attracts  another  in  pro- 
portion to  its  mass. 

The  sun  as  a  merely  heated  body  would  fall  in  temperature 
and  lose  its  light  sensibly  in  the  course  of  a  small  number  of 
years,  or  even  months.  This  temperature  does  not  appear 
giea%  to  exceed  that  of   the  electric  arc,  but  it  remaina  im- 
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changed.  At  such  a  temperature  many,  perhaps  all,  chemical 
compounds  are  dissociated  into  their  elementary  parts.  Were  all 
the  elements  of  the  sun  dissociated  by  reason  of  an  uniform  pre- 
vailing temperature,  their  gradual  recombustion,  and  exertion 
of  their  chemical  affinities,  would  maintain  the  constant  tempera- 
ture of  the  sun  for  a  prolonged  period  of  8000  years.  Neither 
Original  heat  alone,  nor  Original  heat  combined  with  chemi- 
cal attraction,  are,  therefore,  sufficient  to  continue  the  solar 
activity  for  an  indefinite  time.  These  two  operations  may  be 
seen  in  action  together  in  a  fireball  with  a  permanent  streak  of 
light.  The  fragments  of  the  meteor  are  red  in  light,  and  rapidly 
disappear  as  tibieir  temperature  falls  and  vanishes  by  radiation. 
The  streak  is  of  immensely  higher  temperature,  and  the  recom- 
bustion of  its  dissociated  vapours  maintains  the  high  tempe- 
rature at  a  constant  value  for  many  seconds,  and  occasionally 
for  many  minutes  after  the  disappearance  of  the  fragments.  A 
continual  repetition  of  meteors  would  be  required  to  supply  the 
earth  with  incessant  light  from  such  a  source,  and  such  a  suc- 
cession of  meteors  is  therefore  supposed  to  occur  upon  the  sur- 
face of  the  sun.  It  is  calculated  that  a  yearly  deposit  sixty-six 
feet  in  depth  of  solar  satellites  would  actually  suffice  to  maintain 
the  present  supply  of  solar  light  and  heat  unchanged:  a 
quantity  much  too  minute  to  be  perceived  in  less  than  many 
thousand  years  by  angular  measurements  of  the  sun^s  diameter. 
The  light  and  heat  of  meteors  upon  the  earth  are  confined 
to  the  highest  strata  of  the  atmosphere.  It  appears  that  this 
is  equally  the  case  upon  the  sun,  and  that  the  meteoric  pmrticles 
from  their  minuteness  are  consumed,  and  all  their  elements 
dissociated  at  the  boundary  of  the  solar  atmosphere.  Their  fiery 
streaks  alone  remain.  Like  steam  condensing  into  water,  these 
maintain  their  high  temperature  until  all  the  elements  have 
re-combined  and  dispersed  abroad  their  latent  heat.  Such 
streaks  are  actually  seen  upon  the  sun  as  straw-like  or  leaf-like 
lines,  which  intersect  each  other  in  every  conceivable  direction. 
When  cooled,  the  matter  must  descend  as  dust  or  in  drop-like 
pieces  upon  the  surface  of  the  sun.  The  spots  which  appear 
upon  the  luminous  envelope  of  the  sun  may  arise  whenever  an 
aerolitic  mass  of  largo  dimensions  penetrates  to  the  solar  surface 
unconsumed,  and  with  volcanic  violence  destroys  the  order  of 
the  atmospheric  strata  where  it  strikes.  The  spots  are  far 
removed  from  the  solar  poles,  and  therefore  near  the  plane  of 
the  ecliptic  where  the  planets  have  their  orbits ;  but  the  leaf- 
like lines  are  seen  over  every  portion  of  the  sphere  of  the 
sun,  like  fireballs  at  the  surface  of  the  earth.  Chemical  affinity 
may  thus  be  said  to  act  the  part  of  a  damper  and  regulator  of 
the  solar  fires,  reserving  portions  of  the  heat  suddenly  imparted 
to  the  mm,  and  again  maintainmg  its  miiformity  of  tempera- 


Insanity  and  Grime.  131 

ture^  when  a  cessation  of  the  impulses  would  otherwise  be  fol- 
lowed by  a  waning  of  its  light.   • 

If  no  illustration  csan  be  found  in  the  regular  emission  of 
solar  Ught  and  heat^  to  the  constant  exercise  of  gravitation  in 
every  particle  of  matter,  at  least  it  appears  more  philosophical 
to  approach  the  unexplored  ground  by  open  paths,  than  to 
ascribe  both  these  principles  of  solar  heat  and  gravitation,  to- 
gether, to  mysterious  agency,  on  account  of  their  activity  alone. 


INSANITY  AND.  CRIME. 

The  attention  of  the  public  has  been  very  strongly  called  by 
a  recent  case  to  the  question  of  insanity  and  crime,  and  it  may 
therefore  be  a  convenient  opportunity  for  endeavouring  to 
ascertain  a  few  of  the  scientific  principles  by  which  such  inves- 
tigations should  be  guided,  and  jurisprudence  controlled.  In  the 
first  place  let  us  endeavour  to  limit  the  inquiry  within  the  bounds 
of  the  Jcnawaile,  for  it  is  clearly  useless,  or  even  mischievous, 
to  suflTer  ourselves  to  be  led  astray  in  the  performance  of  prac- 
tical duties  by  indulging  in  speculations  which  the  restricted 
nature  of  our  faculties  must  of  necessity  render  uncertain,  and 
incomplete.  When  any  member  of  our  society  has  committed 
an  ofience,  we  must  not  expect  to  be  able  to  measure  the  actual 
quantity  of  his  guilt.  To  do  this  we  should  have  to  ascertain 
the  precise  force  of  the  temptation  that  led  him  astray,  and  the 
precise  force  of  the  resistance  to  the  temptation  which  he  might 
have  exhibited  had  he  strongly  desired  and  earnestly  willed  to 
do  that  which  was  right.  Not  only  should  we  have  to  ascertain 
these  facts  in  relation  to  the  actual  state  of  the  individual  at 
the  period  of  the  commission  of  his  ofience,  but  we  ought  to 
have  the  whole  of  his  life-history  before  us,  in  order  that  we 
might  discover  at  what  times  he  had  destroyed  the  just  balance 
of  his  faculties,  by  performing  acts  or  acquiring  habits  that 
were  bad,  when  it  was  within  his  power  to  have  performed 
and  acquired  acts  and  habits  that  were  good.  It  is  quite 
plain  that  such  an  inquiry  would  far  transcend  all  human 
powers,  and  we  must  therefore  confine  our  researches  to  a 
humbler  sphere,  and  go  to  the  work  with  a  consciousness  that 
our  most  careful  judgments  are  likely  to  be  wrong. 

Practically,  our  proceedings  must  be  limited  to  two  in- 
quiries :  firstly,  whether  an  accused  person  did  really  commit 
tne  act  which  our  law  declares  to  be  an  offence;  secondly, 
whether  he  was  labouring  under  physical  conditions  that  de- 
tracted wholly,  or  to  a  great  extent,  from  that  normal  position 
of  responsibility  which  we  feel  justified  in  assigning  to  human 

VOL.   V. — ^NO.   II.  L 
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beings.  No  one  has  ever  pretended  tliat  all  men  are  respon- 
sible in  eqaal  degree  for  their  actions.  The  divine,  the  naoral- 
ist,  and  the  popular  voice,  all  exclaim,  concerning  one  offender, 
that  his  offence  is  aggravated  by  his  position  and  circumstances; 
while  they  say  of  another,  that  his  error  admitted  of  much 
excuse.  Morally,  the  duty  of  each  is  to  make  the  best  use  he 
can  of  the  faculties  assigned  to  him,  and  unless  we  could  prove 
that  all  men  were  bom  with  equally  good  organizations  and 
lived  under  equally  beneficial  conditions,  we  could  not  establish 
the  theory  that  all  were  equally  worthy  of  praise  when  they 
did  right,  or  equally  deserving  of  blame  when  they  did  wrong. 
But  while  we  are  compelled  to  recognize  responsibihty  as  exist- 
ing in  different  degrees  amongst  persons  whom  we  have  no 
right  to  consider  insane,  and  also  among  those  to  whom  that 
epithet  may  be  applied,  our  jurisprudence  can  only  take  cogni- 
zance of  differences  that  afe  obvious  and  clear.  There  is  a 
sense  in  which  all  sane  criminals  may  be  considered  insane,  for 
serious  crime  is  seldom  committed  until  habits  have  been 
formed,  by  which  animal  propensities  have  been  encouraged  to 
gain  the  upper  hand.  Such  cases  are,  however,  widely  distin- 
guished from  actual  cerebral  disease,  and  it  is  the  determina- 
tion of  the  existence  or  nonexistence  of  disease  that  imposes 
upon  our  tribunals  one  of  their  hardest  tasks.  If  an  accused 
person  has  the  obviously  defective  brain  of  an  idiot,  and  his 
mental  manifestations  have  always  corresponded  with  the  idiotic 
type,  no  difficulty  is  felt.  The  trouble  begins  when  an  indi- 
vidual has  been  deemed  sane  up  to  commission  of  a  crime,  and 
we  have  to  take  the  crime  itself,  with  all  its  attendant  circum- 
stances,  as  part  of  the  evidence  by  which  insanity  may  be 
demonstrated. 

The  ideas  of  insanity  enshrined  in  the  decisions  and  dieta 
of  our  most  eminent  judges  are  so  obviously  absurd  that  it  is 
astonishing  they  could  ever  have  been  tolerated  in  any  society 
pretending  to  civilization.  In  Belhngham^s  case,  Lord  Mans- 
field told  the  jury,  that  before  the  prisoner  could  be  acquitted 
on  the  plea  of  insanity,  '*  it  must  be  proved  beyond  all  doubt 
that  he  did  not  consider  murder  was  a  crime  against  the  laws 
of  God  and  nature;"  and  in  McNaughten^s  case,  when  the 
House  of  Lords  propounded  certain  questions  to  the  judges, 
Mr.  Justice  Maule  replied,  "  that  to  render  a  person  irrespon- 
sible for  crime  on  account  of  imsoundness  of  mind,  the  unsound- 
ness of  mind  should,  according  to  the  law,  as  it  has  long  been 
understood  and  held,  be  such  as  to  render  him  incapable  of 
knowing  right  from  wrong."  Chief  Justice  Tindal  brought  legal 
i/nsanity  to  a  climax  by  informing  their  lordships  that  *'  we'^ 
(the  judges)  "  are  of  opinion,  that  notwithstanding  the  pariy 
accused  did  the  act  complained  of,  with  a  view,  under  the  infln- 
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ence  of  insane  delasion^  of  redressing'  or  avenging  some  sup- 
posed grievance,  or  injury,  or  of  producing  some  public  benefit, 
lie  is  nevertheless  punishable,  according  to  the  nature  of  the 
crime  committed,  if  he  knew  at  the  time  of  committing  such 
crime  he  was  acting  contrary  to  law  !'^* 

Thus  the  English  law  decides  the  question  of  responsibility 
upon  singularly  unscientific  grounds.  Its  test  is  totally  fallacious, 
and  it  errs  moreover,  by  a  false  assumption,  upon  which  Dr. 
Bucknill  thus  comments  : — "  It  is  the  system  of  the  English 
law  to  allow  no  degrees  of  responsibility.  A  criminal  is  either 
responsible  or  he  is  irresponsible :  there  are  but  two  classes, 
in  one  of  which  room  must  be  made  for  every  one  who  commits 
an  offence.  In  nature  we  find  no  such  sharply  defined  classifi- 
cation.^^t  So  far  indeed  from  absolute  irresponsibility  being 
a  result  of  insanity,  it  is  scarcely,  if  ever,  the  case ;  and  Lang- 
erman,  cited  by  Dr.  Bucknill,  observes,  ''that  even  in  the 
hicrhest  degree  of  insanity  there  still  remains  a  trace  of  moral 
difcrimination,  with  which  we  may  connect  the  train  of  the 
patients  ideas.'^     • 

In  modem  lunatic  asylums  a  promiaent  part  of  the  remedial 
treatment  consists  in  making  the  patients  feel  that  they  ought, 
and  can,  comply  with  the  wholesome  regulations  arranged  for 
their  benefit.  The  directors  of  such  establishments  lessen 
their  inducements  to  act  foolishly  by  removing  incentives 
thereto,  and  they  strengthen  their  resisting  power  by  calling 
appropriate  faculties  into  play.  Long  ago  Haslam  cited  with 
approbation  the  following  passage  from  Dr.  Cox,  who  said : — 
''  The  maniacal  patient,  however  torpid,  must  be  roused ;  or,  on 
the  contrary,  when  an  opposite  state  obtains,  extreme  sensibility 
and  impatience  of  powerful  impressions,  th«re  may  be  much 
expected  from  placing  the  patient  in  an  airy  room,  surrounded 
with  flowers  breathing  odoars,  the  walls  and  furniture  coloured 
green,  and  the  air  agitated  by  the  softest  harmony."  J  The  use 
of  such  attendant  circumstances  was  to  bring  the  patient's 
organism  to  a  more  balanced  state.  Without  the  rousing  or 
the  soothing  influences,  the  disease  controlled  him;  under  them, 
a  condition  of  approximate  self-guidance  and  responsibility  was 
attained.  The  experience  of  the  Idiot  Asylum  at  Barlswood 
has  demonstrated  that  even  those  deeply  afflicted  and  imper- 
fectly organized  beings  who  are  consigned  to  its  care,  may  be 
made  partially  responsible,  because,  under  certain  conditions, 
they  became  invested  with  a  certain  portion  of  self-control. 

We  have  said  that  in  criminal  cases,  before  the  plea  of 

*  We  huve  cited  these  cases  from  So9eoe*s  I>igett,  edited  by  Granger, 
t  Unsoundness  of  Mind  in  Relation  to  Criminal  Acts,  by  John  Charles  Bucknill, 
M.D.,  London.    Highley,  1854.  P.  115. 

J,  Hculam  on  Mc^ness,    Second  edition,  p.  341. 
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insanity  can  be  admitted^  a  large  deficiency  of  self-control, 
resulting  from  disease^  should  either  be  proved,  or  shown  to  bo 
reasonably  inferred.      In  the  celebrated  case  of    Henriette 
Cornier,  described  at  length  by  Georget,*  a  mild,  lively  girl, 
remarkably  fond  of  children,  became  silent  and  melancholy  in 
June,  1825,  and  finally  sank  into  a  kind  of  stupor.     In  Sep- 
tember she  attempted  suicide.     In  October  she  entered  the 
service  of  Madame  Fonmier,  who  could  not  dispel  her  dejection, 
and  the  girl  would  only  talk  of  her  misfortunes  in  losing  her 
parents  at  an  early  age,  and  being  ill-treated  by  a  guardian. 
On  the  4th  of  November  she  persuaded  a  Madame^elon  to 
allow  her  to  take  her  child — a  little  girl,  for  whom  she  had 
always  evinced  great  fondness — ^for  a  walk,  and  having  obtained 
possession  of  it,  she  cut  its  head  off  and  threw  it  into  the  street, 
in  order  that  the  passengers  might  be  attracted,  and  know  she 
had  done  the  deed.    She  stated  that  the  idea  had  taken  posses- 
sion of  her  mind,  and  she  was  determined  to  do  it.     In  such 
cases  there  is  no  difficulty  in  arguing  the  existence  of  insanity 
from  the  proof  that  the  character  of  the  patient  had  changed 
in  a  mode  quite   contrary  to  the  known  progress  of  moral 
depravity;  but  a  commission  of  distinguished  French  physicians 
could  not  obtain  proof  of  mental  derangement  by  examining 
the  girl  after  the  offence.   A  second  commission  made  a  similar 
report,  but  added  that  their  judgment  could  not  be  considered 
final  if  it  could  be  proved  that  long  before  the  4th  of  November 
her  character  and  habits  had  changed.     Finally  a  jury  found 
lier  guilty  of  "  homicide  without  premeditation/'  and  she  was 
sentenced  to  hard  labour  for  life.     In  this  case  an  injustice  was 
plainly  done,  because  the   court  neglected  to  take  sufficient 
cognizance  of  the  conditions  that  preceded  the  offence ;  and  it 
shows  the  necessity  of  inquiring  into  the  previous  life  of  an 
offender  before  rejecting  the  plea  that  he  is  insane. 

In  many  instances  in  which  the  plea  of  insanity  is  set  up, 
the  offence  is  one  likely  to  spring  from  moral  depravity.  It 
appears  to  have  been  instigated  by  motives  likely  to  rule  the 
conduct  of  wicked  men,  and  it  is  in  conformity  with  the  general 
behaviour  of  the  offender.  Under  such  circumstances  the  plea 
of  insanity  is  usually  rejected,  even  though  it  can  be  shown 
that  the  prisoner's  ideas  on  many  subjects  are  very  absurd. 
But  extreme  cases  occur,  in  which  many  people  would  be  dis- 
posed to  accept  the  theory  of  insanity,  although  no  disease 
could  be  shown.  Pinel  records  a  ca8e,t  in  which  the  only  son 
of  a  weak,  indulgent  mother  was  encouraged  in  the  gratifica- 
tion of  caprice  and  passion.  The  result  was  an  ungovernable 
disposition,  that  grew  with  his  years.     He  quarrelled  savagely 

*  It  18  cited  bj  Bay,  Jurisprudence  and  Imanity,  p.  198. 
t  Cited  by  Bay,  p.  159. 
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upon  the  most  trifling  cause^  assaulted  his  adversaries  with 
fury^  and  would  instantly  kill  any  animal  that  offended  him. 
When  he  came  of  age  he  was  found  competent  to  manage  his 
estate,  and  was  in  some  instances  benevolent^  but  continually  in- 
volved himself  in  ferocious  strife,  and  finally  killed  a  woman 
who  used  offensive  language  to  him,  by  throwing  her  down  a 
well.  Similar  cases,  though  milder  in  degree,  often  occur; 
and  it  would  seem  most  consonant  with  reason  to  hold  them  as 
exhibitions  of  highly  cultivated  depravity,  unless  they  can  be 
accounted  for  by  very  plain  and  positive  proof  of  disease. 
The  paroxysms  of  rage  exhibited  by  such  persons  differ  widely 
from  such  instances  as  that  of  a  lady  who,  up  to  the  age  of  forty- 
three,  was  never  known  to  manifest  a  passionate  disposition, 
but,  after  the  birth  of  her  last  child,  was  subject  to  over- 
powering fits  of  rage,  excited  by  the  most  trifling  causes.* 

If  good  ground  appears  for  believing  that  cerebral  disease 
exists,  it  would  seem  proper  that  it  should  be  held  as  very 
likely  to  have  destroyed  responsibility  to  a  greater  or  less 
extent,  even  though  its  only  traceable  results  were  not  obviously 
connected  with  the  crime.  Thus,  if  the  disease  was  only  known 
to  have  led  to  the  delusion  that  an  individual  was  made  of  glass, 
and  his  offence  was  forgery,  it  would  be  difficult  to  avoid  the 
belief  that  the  offender's  self-control  might  have  been  lessened 
by  the  disorder,  although  we  could  not  exactly  tell  how.  In 
such  cases,  justice  would  object  to  an  irreversible  sentence  like 
the  death  penalty  formerly  enacted  for  forgery  in  this  country, 
or  to  a  cruel  punishment ;  but  it  would  not  necessarily  object 
to  a  penal  discipline  directed  towards  the  amendment  of  the 
patient,  and  accompanied  by  what  medical  treatment  his  case 
required. 

The  question  will  be  asked.  Would  you  then  punish  men 
who  are  not  sane  ?  The  reply  is  necessarily  a  little  complex. 
In  the  first  place,  no  man,  however  sane,  ought  to  be  punished 
brutally,  and  if  we  omit  the  consideration  of  capital  punish- 
ment, it  will  be  universally  conceded  that  no  man  ought  to  be 
compelled  to  undergo  a  secondary  punishment  that  is  not  cal- 
culated, directly  or  indirectly,  to  promote  his  reformation. 

No  scientific  man  would  deny  Dr.  Bucknill's  statement 
concerning  degrees  of  responsibility,  and  few  would  demur  to 
the  doctrine  of  a  quotation  which  he  makes  from  the  fifth  report 
of  the  Inspectors  of  Lunatic  Asylums  in  Ireland,  in  which,  after 
protesting  against  a  morbid  disposition  to  render  lunacy  the 
protector  of  crime,  they  say,  *^If  there  are  extenuating  cir- 
cumstances connected  with  the  psychological  condition  of  the 
accused,  they  are  legitimate  subjects  to  be  considered  in  meting 
out  the  after  punislmient,  but  certainly  not  in  the  first  instance, 

*  Obaeure  Diieans  of  IUnd  and  Brain^  fint  edit.,  p.  179. 
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for  an  unqoalified  acquittal/'  It  is  not^  however^  a  qnestion 
of  punishment  ouly^  but  of  the  treatment  most  likely  to  amend 
its  subject. 

Unreasonable  opinions  sbould  not  too  readily  be  allowed  to 
lead  to  the  inference  of  insanity  as  a  disease ;  and  certainly 
not  when  those  opinions  take  a  form  quite  consonant  with  the 
motives  a  criminal  would  be  likely  to  cherish.  Suppose  after 
a  n^urder^  a  man  should  say  that  he  believed  all  people  were 
blind  instruments  of  &te^  and  it  should  be  found  that  he  had  for 
many  years  represented  himself  as  compelled  to  do  whatever 
acts  he  performed.  There  would  in  this^  be  no  indication  of 
iniaanity^  intellectual  or  moral.  But  if  it  could  be  shown  that^ 
after  leading  a  life  of  average  self-control,  he  had  from  a  par- 
ticular date  believed  himself  impelled  by  a  power  he  could 
not  resist,  there  would  at  any  rdte  appear  very  strong  ground 
for  inquiry  whether  he  had  fallen  under  the  thraldom  of  a 
disease. 

Judges  have  shown  no  disinclination  to  believe  that  disease 
may  cause  intellectual  insanity ;  but  the  only  form  of  moral 
insanity  they  have  been  willing  to  admit,  is  that  non-existent 
kind,  in  which  perscHis  capable  of  cleverly  concocted  crimes  are 
supposed  incapable  of  knowing  what  the  law  deems  right  and 
wrong.  Such  errors  show  how  exclusively  professional  ten- 
dencies may  warp  the  mind,  so  that  in  particular  directions 
it  cannot  see  the  plainest  truth.  If  the  brain  be  admitted 
to  be  the  organ  of  animal  propensities,  moral  fSsusulties,  and 
intellectual  &culties,  it  is  illogical  to  deny  that  its  disorder  may 
lead  to  an  excess  or  a  deficiency  of  action  in  any  one  of  these 
departments,  and  from  thence  may  arise  a  degree  and  kind  of 
insanity,  by  which  moral  responsibility  may  be  lessened  to  a 
greater  or  less  extent.  A  state  of  general  bodily  health 
requires  that  there  shall  be  a  certain  proportion  between  tlio 
rate  at  which  work  is  done  by  the  several  organs  of  which  our 
frame  is  composed.  Too  mncb  vitality  in  the  lungs  or  Uver 
would  disturb  the  condition  of  health,  even  though  those  organs 
did  nothing  wrong  in  kind.  Thus  looking  to  the  body  as  a 
whole,  it  may  be  diseased  sunply  by  processes  of  supply  and 
waste  going  on  too  &st  or  too  slow  in  particular  parts. 

Physiologists  have  as  yet  fiailed  to  explain  how  the  brain 
manages  to  do  its  multifarious  work;  but  without  presuming 
to  map  it  out  into  distinct  organs,  we  may  believe  that  its 
healthy  action  as  a  whole  requires  an  exact  regulation  of  the 
rate  at  which  its  di&rent  parts  undergo  change,  and  thus  there 
may  be  cerebral  disorder  without  any  obvious  exhibition  of 
inflammation,  or  other  violent  action.  Microscopic  investigation 
may  ultimately  throw  much  light  upon  these  questions ;  but 
however  obscure  the  nature  of  insanity  may  be,  we  must  never 
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forget  tliat  we  must  treat  it  as  belonging  to  physical  inquiry ; 
as  mindy  apart  from  organization^  is  utterly  beyond  the  medical 
art,  and  is  subject  to  higher  powers  than  sit  in  earthly  courts. 

If  the  preceding  facts  and  arguments  are  appreciated^  wo 
shall  arrive  at  a  few  practical  results.  In  the  first  place,  we 
shall  desire  a  change  of  our  law  in  conformity  with  common 
sense ;  nor  shall  be  diverted  from  this  demand  by  a  citation  of 
a  few  decisions  not  quite  so  barbarous  as  those  to  which  we 
have  dircted  attention.  Wo  shall  require  that  the  law  shall 
take  cognizance  of  any  form  of  insanity  that  really  exists,  and 
that  it  shall  admit  the  existence  of  degrees  of  responsibility. 

In  the  next  place,  we  should  demand  that  the  investiga- 
tion and  decision  of  an  alleged  case  of  insanity,  being  a 
highly  difficult,  and  often  complicated  scientific  process, 
should  not  be  left  to  the  accidental  influence  which  highly- 
paid  witnesses  may  have  upon  the  minds  of  an  imperfectly 
educated  jury;  but  that,  on  the  contrary,  it  should  be  an 
inquiry  carefully  conducted,  by  men  who  have  no  personal 
interest  in  its  result,  and  who  should  be  empowered  to  cany  it 
as  far  back  into  the  previous  life  of  the  accused  as  may  be 
needful  to  arrive  at  a  satisfactory  conclusion.  Thirdly,  in- 
stances will  occur  in  which  it  may  not  be  practioable  to  determine 
the  final  disposition  of  the  supposed  criminal  lunatic,  until  he 
has  been  for  a  considerable  time  under  constant  supervision, 
by  which  his  actual  state  may  be  disclosed. 

Lastly,  we  shall  perceive  that  criminal  lunatics  will  not 
form  a  class  all  of  one  sort.  Some  will  be  sincere  objects  of 
aifectionate  pity,  while  others,  being  more  or  leas  responsible, 
wiU  deserve  actual  punishment  as  well  as  medical  care. 
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CLUSTERS  AND  NEBULA.— DOUBLE  STARS.— 

OCCULTATIONS. 

BY  THE  EEV.   T.   W.   WEBB,   M.A./P.E.A.S. 

When  Sinus,  now  so  magnificent  an  object  in  onr  southern 
sky,  is  on  the  meridian,  about  4*  below  him  the  eye  will  just 
catch  a  feeble,  cloudy  patch ;  this  is — 

15.  41  M  (Ganis  Majoris) .  A  beautiful,  brilliant,  and  widely- 
extended  group  of  8  mag.  and  smaller  stars ;  one  of  the  brightest 
near  the  centre  I  found  to  be  of  an  orange  or  ruddy  hue ;  as 
has  also  been  noted  by  H  (No.  411).  A  remark  of  this  great 
observer  with  respect  to  irregular  clusters,  that  '^  it  is  no 
uncommon  thing  to  find  a  very  red  star  much  brighter  than 
the  rest  occupying  a  conspicuous  situation  in  them,''  seems  to 
be  to  a  certain  degree  exemplified  here.  Some  law  is  probably 
concerned  in  this  arrangement,  but  of  a  nature  to  us  utterly 
incomprehensible. 

Sirius  is  nearly  in  a  line  between  two  smaller  attendants^ 
each  at  a  distance  of  several  degrees.  The  larger  one  lying  p, 
a  little  «,  is  /3  Oanis  Majoris,  2  mag. ;  the  other  /,  a  little  n, 
is  7,  4  mag.  A  line  &om  Sirius  to  the  latter  star,  carried  on 
through  the  galaxy  nearly  twice  as  far  again,  and  turned  a 
little  downward,  will  encounter  a  suspicious-looking  district,  of 
an  indistinct,  clustery  aspect.  This,  the  finder  will  turn  into  a 
succession  of  objects  arranged  in  an  irregular,  and,  on  the 
whole,  horizontal  direction :  a  wide  pair  precedes ;  then  comes 
a  bright  group  visible  to  the  naked  eye ;  a  much  feebler  nebula 
follows,  a  little  «,  with  a  star  lying  sp;  then  another  pair  less 
wide  than  the  first.  Each  of  these  will  repay  our  attention. 
We  begin  with  the  most  conspicuous,  the  bright  cluster. 
This  is— 

16.  38  ^  VIII  {Argus).  A  very  splendid  field  of  large  and 
small  stars,  as  Smyth  well  describes  it,  which  should  be  viewed 
with  a  low  magnifier  :  in  the  midst  of  it  we  shall  at  once  recog- 
nize a  very  neat  pair,  whose  data,  according  to  him,  are 
8",  803'-8,  7i  and  8,  both  bright  bluish  white.  A  little  way  |> 
lies  a  bright  star,  about  6  mag.,  attended  by  a  minute  comes  nf. 
This  is  now  the  lucida  of  the  assemblage,  although  H.,  who 
numbers  the  cluster  459,  does  not  mention  it,  and  gives  pre- 
cedency to  'the  double  star.  About  V  p  lies  a  5  mag.  star,  the 
more  southerly  of  the  wide  pair  which  leads  the  whole  region  in 
the  finder :  it  is  worthy  of  notice  from  its  fine  fiery  orange  hue. 
The  other  smaller  one,  np,  seems  greenish,  perhaps  jfrom  con- 
trast. To  gain  an  idea  of  the  grandeur  of  the  galaxy,  we  should 
sweep  round  the  outskirts  of  this  cluster,  especially  ina,  n  f 
direction.     "  Lift  up  your  eyes  on  high,  and  behold  who  hath 
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created  these  things,  that  bringeth  out  their  host  by  number  : 
He  calleth  them  all  by  names,  by  the  greatness  of  his  might,  for 
that  He  is  strong  in  power,  not  one  faileth/'    (Isaiah  xl.  26.) 

The  next  object  in  the  district  follows,  a  little  s,  looking 
nebulous  in  the  finder.     It  is — 

17.  46  M  (Argus),  Described  by  Smyth  as  a  noble  assem- 
blage of  stars  from  8  to  13  mag.  This  very  beautiful  cluster, 
of  which  the  average  seems  about  10  mag.,  is  nearly  30'  in 
diameter,  and  requires  a  large  field.  I  have  not  succeeded  in 
detecting  a  platietary  nebula,  which  Smyth  caUs  extremely 
faint,  among  the  larger  stars  on  its  N.  verge. 

The  star  mentioned  as  standing  sp  from  this  cluster  in  the 
finder  is  of  a  fine  orange  colour.  While  examining  this,  or  the 
previously-mentioned  fiery  star  ^38  1^  VIII,  with  a  power  of 
64,  Feb.  8,  1864, 1  found  it  so  doubled  for  a  few  seconds  by 
irregular  refraction,  that  at  the  moment  I  believed  it  really  was 
a  close  pair.  (See  Int.  Obs.,  October,  1863,  p.  194,  for  a  de- 
tailed account  of  a  similar  illusion.) 

The  last  object  in  this  interesting  region,  a  wide  double  star 
in  the  finder,  is  referred  to  the  continuation  of  our  Double 
Star  List. 

In  the  Intellectual  Obsbevbe  for  May,  1862,  at  p.  277, 
are  directions  for  finding  the  head  of  Hydra.  Between  this 
region  and  the  one  which  we  have  just  been  exploring,  but  nearer 
to  the  former,  and  bearing  a  little  to  the  S.,  is  a  star,  the  most 
conspicuous  in  its  neighbourhood,  which  the  finder  represents 
as  three  in  a  line.  From  the  absurdly  perplexing  way  in 
which  the  outlines  of  the  constellations  have  been  arranged, 
the  central  and  brightest  star  is  given  as  30  Manocerotis,  while 
it  is  flanked  by  1  and  2  Hydrce.  We  have,  however,  nothing 
to  do  with  this  ill-named  group,  excepting  as  a  pointer  to  a 
cluster  which  lies  p,  a  little  «,  at  a  distance  of  about  3*,  and 
which  is  so  extensive  that  it  will  be  easily  recognized  as  a 
faint  cloud  in  the  finder.     Its  synonym  is — 

18.  22  ]^  VI  {Monoceroiis).  Smyth  has  termed  this  a 
splendid  group  in  a  rich  region  containing  several  small  pairs. 
Its  components,  chiefly  about  8  mag.,  are  condensed  in  the 
centre  into  a  lengthened  patch  of  an  irregular  triangular  or 
arrow-headed  form.  H.,  whose  No.  496  it  is,  says  that  the 
stars  are  from  the  9*10  to  the  13  mag.,  and  none  below ;  "  but 
the  whole  ground  of  the  sky  on  which  it  stands  is  singularly 
dotted  over  with  infinitely  minute  points ;''  invisible,  of  course, 
in  any  ordinary  telescope. 

DOUBLE  STAES. 

Our  researches  among  the  nebute  enable  us  to  add  two 
more  pairs  to  our  list.     The  first  is  mentioned  under  No.  17 
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of  the  preceding  catalogue^  where  a  wide  double  star  is  spoken 
of  as  bringing  up  the  rear  of  a  group  of  interesting  objects. 
The  brighter  of  the  two  is  4  Argus,  a  single  yellowish  6  mag. 
star ;  the  other  will  be  easily  decompounded  into  a  beantiAil 
pair: — 

121.  2  Argus.  1&'%  338"-8,  7  and  7^.  Silvery  white  and 
pale  white,  1886*2.  I  thought  the  smaller  star  bluish^  1851'19^ 
1864'1.     This  fine  object  is  supposed  to  be  stationary. 

122.  About  IV io  the  S,,  a  wide  7  mag.  pair^  not  men- 
tioned in  the  Bedford  catalogue^  is  worthy  of  notice  from  the 
striking  similarity  of  its  components  in  size  and  hue — a  deep 
orange.  There  can  be  no  faith  whatever  in  appearances^ 
if  these  two  pecuHar  looking  individuals,  insulated  from  any 
near  neighbours,  thoagh  projected  accidentally  as  it  seems 
upon  a  rich  background  in  the  distance,  are  not  physically  con- 
nected.  Their  aspect  at  once  as  much  bespeaks  their  binary 
character  as  does  that  of  61  Cygni,  and  there  is  great  probability 
that  an  investigation  into  their  parallax  and  proper  motion,  as 
well  as  their  distance  and  angle^  would  lead  to  an  interesting 
result.  Their  situation,  however,  commends  them  preferably  to 
the  notice  of  southern  observers. 

OCCIJLTATIOXS. 

March  18.  A^  Cancri,  6  mag.,  will  disappear  at  6h.  58m.,  and 
re-appear  at  7h.  57m.  A'  Cancri,  a  similar  star,  will  follow  it 
at  9h.  44m.,  and  llh.  4m.  respectively. — 19th.  ©  Leonis  will  bo 
hidden  from  Oh.  11m.  till  7h.  28m.  See  the  remarks  on  the 
occultation  of  this  star  in  Int.  Obs.,  Dec.  1863,  p.  352.  The 
present  is  a  more  favourable  opportunity  for  this  curious  obser- 
vation, as  the  disappearance  takes  place  at  the  dark  limb ;  the 
position  of  the  limb,  compared  with  the  position-angle  of  the 
two  stars,  seems  also  well  adapted  for  a  successive  extinction  of 
the  light  of  each  component. — 27th.  ©^  Scorpii,  4  J  mag.,  will 
disappear  at  12h.  3m.,  and  will  remain  invisible  for  Ih.  2m. 
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MANCHESTER  PHILOSOPHICAL  SOCIETY.— Jim.  12. 

On  the  Amount  op  Caebonic  Acid  existing  in  the  Air  of  Man- 
CHESTEE. — Mr.  Roscoe  related  the  results  of  nnmerons  experimentfl 
made  to  ascertain  the  amount  of  carbonic  acid  existing  in  the  air  in 
and  aronnd  Manchester.  He  found  the  maximum  quantity  on  a  foggy 
winter  day,  January  7, 1864,  when  the  amount  reached  6*6  vols,  per 
10,000  of  air ;  the  minimum  amount,  on  Fob.  19,  1863,  being  2*8  toIs. 
per  10,000  of  air ;  the  mean  of  numerous  experiments  in  the  centre 
of  the  town  giving  3*92  per  10,000,  that  of  London  being  3*7.  Con- 
tinuous rain  was  found  to  lower  the  amount  from  4*8  to  8' 3  volumes 
per  10,000. 

These  results  show  that  under  no  circumstances  does  the  amount 
of  carbonic  acid  rise  to  6  vols,  per  10,000  of  air,  and  that  the  moan 
quantity,  nearly  3'92,  closely  agrees  with  that  which  is  generally 
assumed  to  be  the  amount — namely,  4  vols. — this  being  the  average, 
as  obtained  by  Saussure's  well-known  investigations. 


ETHNOLOGICAL  SOCIETY. —Jan,  26,  and  Feb.  9. 

The  Yaeieties  op  Man  in  the  Indian  Aechipelago. — Mr.  "Wallace 
read  a  valuable  paper  on  this  subject.  He  stated  the  animals  of 
Borneo,  Sumatra,  and  Java  to  correspond  more  or  less  closely  with 
those  of  Asia ;  whilst  the  animals  of  New  Gruinea  and  tho  adjacent 
islands  confirm  the  idea  of  their  having  been  once  connected  with 
Australia.  The  two  human  races  are  as  strongly  marked  in  their 
diversity  as  the  animals,  Malays  inhabiting  the  western  and  Papuans 
the  eastern  group. 

Mr.  Wallace  accounted  for  the  wide  spread  of  the  Oceanic  race 
of  the  Polynesian  Islands,  by  regarding  these  islands  as  being  relics  of 
a  continent  formerly  existing  in  the  Pacific,  and  that  the  present 
Polynesians  are  the  descendants  of  the  inhabitants  of  a  continent 
now  sunk  beneath  the  ocean — ^a  theory  which  is  supported  by  nume- 
rous facts,  both  geological  and  zoological. 

On  the  Ethnology  op  Austbalia,  byM.  A.  Oldfield. — The  author 
considered  the  New  Hollanders  to  be  mainly  of  Malay  descent, 
which  people,  he  supposes,  colonized  the  northern  shores  of  Austra- 
lia, and  their  descendants  to  have  spread  lower  eastward,  over  tho 
continent,  following,  to  a  great  extent,  the  lines  marking  the  dis- 
tribution of  edible  plants.  The  &miliar  customs  of  the  various  tribes 
evince  a  community  of  origin;  but,  as  the  migrations  have  been 
irregular,  the  migratory  bands  have  crossed  each  other's  Hnes, 
leaving  their  traces  at  the  points  of  transit.  That  Australia  was  in- 
habited prior  to  its  colonization  by  the  Alfouras,  seems  probable,  from 
the  existence  of  relics  of  a  civilization  far  higher  than  can  be  claimed 
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bj  any  tribes  of  the  Malay  family.  These  remains  of  an  extinct 
civilization  consist  chiefly  of  picture-caves  and  scnlptiired  rocks, 
works  which  the  present  occupants  of  the  soil,  far  from  claiming  as 
thoir  own,  ascribe  to  diabolical  agency.  As  the  features  and  dresses 
of  the  figures  represented  are  such  as  no  untutored  savage  could 
possibly  conceive,  and  the  tools  and  pigments  used  are  unloaown  to 
the  existing  race,  the  only  just  inference  we  can  draw  from  these 
facts  is,  that  some  more  civilized  people  has  been  destroyed  by  the 
black  man ;  or,  possibly,  in  some  instances,  the  two  races  have 
blended,  a  supposition  that  would  enable  us  in  some  measure  to  ac- 
count for  diversities  of  characteristics  found  to  exist  in  various  loca- 
lities. The  anomalies  for  which  we  thus  seek  to  account  exist  chiefly 
among  the  inland  tribes,  in  which  we  occasionally  meet  with  physiog- 
nomies departing  widely  from  the  Australian  type ;  and,  to  reconcile 
the  discrepancies,  we  are  driven  to  suppose  that  the  fact  is  owing  to 
a  mixture  of  the  blood  of  a  pristine  race  with  that  of  the  Alfoura ; 
for,  had  this  blending  of  races  been  due  to  the  migration  of  strangers 
from  the  sea-board,  traces  of  their  presence  would  be  equally  per- 
ceptible along  the  lines  of  their  journeyings.  On  the  western  and 
northern  coasts,  we  find  the  greatest  departures  from  the  normal 
type ;  and  this,  doubtless,  is  owing  to  the  advent  of  strangers  among 
them :  those  shores  bordering  on  much-frequented  seas  being  more 
likely  to  have  been  visited  by  such  than  either  the  south  or  east 
coasts,  which  were,  perhaps,  never  visited  until  European  enterprise 
led  the  white  man  to  them.  One  of  the  principal  causes  of  the  re- 
duction of  the  aboriginal  population  is  the  scarcity  of  the  larger 
kinds  of  game,  consequent  on  the  introduction  of  cattle  and  sheep 
into  their  country ;  for  the  continual  tending  of  the  flocks  and  herds, 
the  frequent  driving  of  them  from  place  to  place,  but,  above  aU,  the 
constant  passage  of  the  stock-drivers,  and  the  wanton  havoc  of  the 
Europeans,  all  concur  to  scare  the  game,  and  eventually  to  drive  it 
beyond  the  limits  of  the  space  assigned  to  the  tribe  in  whose  coxmtry 
these  settlers  have  taken  up  their  abodes  ;  added  to  which,  as  such  set- 
tlements are  located  in  the  most  fertile  parts,  from  which  the  natives 
draw  the  cliief  portion  of  their  vegetable  diet,  it  very  soon  happens 
that  the  aborigines  find  a  scarcity  of  food ;  and,  as  the  territorial 
boundaries  of  each  tribe  are  well  defined,  they  cannot  retreat  before 
the  white  invader  ;  for  to  pass  beyond  their  own  limits  would  be  to 
expose  themselves  to  the  hostility  of  some  other  tribe.  After  suffer- 
ing hunger  for  a  time,  the  natives  are  unable  to  resist  the  temptation 
of  a  feast  on  the  cattle  of  the  settiers  ;  and,  to  avenge  this  act,  an 
indiscriminate  slaughter  has  too  often  been  the  policy  of  the  Euro- 
pean. 


ROYAL  MEDICAL  AND  GHIRURGICAL  SOCIETr.- 

Jan,  27. 

Entozoa  in  the  Human  Blood.— The  Secretary  read  an  extremely 
interesting  paper  by  Dr.  John  Harley,  of  King's  College  Hospital, 
on  a  malady  (hasmaturia)  produced  by  a  species  of  Distoma  at  tho 
Cape  of  Good  Hope  and  at  the  Mauritius.     Dr.  Harley,  from  an 
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examination  of  the  parasite's  eggs  and  embryos  (obtained  from  his 
own  and  other  patients)  was  led  to  believe  that  they  were  referable 
to  a  new  kind  of  flake,  which  he  proposed  to  call  Distoma  capense. 
Dr.  Gobbold  remarked  that  no  person  who  had  previonsly 
familiarized  himself  with  the  appearances  presented  by  the  eg^  of 
the  various  distomes  could  doubt  for  a  moment  that  Dr.  John 
Harley's  illustrations  represented  the  ova  of  the  so-called  Distoma 
heematohium.  In  short,  the  symptoms,  pathological  products,  eggs, 
and  embryos  described  by  Dr.  Harley,  all  tended  to  show  that  this 
hasmaturia  of  the  Cape  was  identical  with  the  well-known  Egyptian 
malady.  Dr.  Harley's  discovery  was,  however,  a  most  important 
one  in  relation  to  the  geographical  distribution  and  prevalence  of 
entozootic  diseases ;  for  the  author  had  now  demonstrated,  in  a  most 
satisfactory  and  able  manner,  that  the  helminthiasis  in  question  was 
not  confined  to  Egypt,  as  had  hitherto  been  supposed,  but  was  more 
or  less  prevalent  in  Southern  Africa  and  in  the  Mauritius.  Speaking 
zoologically,  this  parasite  was  not  a  true  distome,  as  it  represented 
the  type  of  a  distinct  genus,  to  which  Diesing,  of  Vienna,  gave  the 
name  of  Gyncecophorus ;  Weinland,  of  Frankfort,  had  called  Schis- 
tosoma ;  Moquin-Tandon  had  denominated  Thecosoma ;  and  himself 
had  previously  entitled  jBilkarzia,  after  the  name  of  the  original 
discoverer,  Dr.  Bilharz,  of  Cairo.  He  (Dr.  Cobbold)  had  discovered 
this  so-called  Distoma  hamatohium  in  the  portal  blood  of  an  African 
monkey  {Gercopiihecus  fuliginosus)  six  months  before  Diesing  had 
communicated  his  paper  to  the  Vienna  Academy,  and,  therefore,  he 
hoped  Dr.  Harley  (in  concert  with  Weinland  and  others)  would 
retain  the  generic  name  Bilharzia^  which  had  the  priority.  At  all 
events,  this  was  not  a  new  species  of  fluke,  and,  therefore,  the  name 
Distoma  capense  could  not  stand.  But  Dr.  Harley's  discovery  was 
none  the  less  important  on  this  account.  It  was  quite  clear  to  him 
(Dr.  Cobbold)  that  our  fellow  men  at  the  Cape,  in  the  Mauritius, 
on  the  banks  of  the  Nile,  and  also,  if  ypu  please,  our  friends,  the 
monkeys,  obtained  this  parasite  by  swailowing  the  "intermediate 
bearers*'  of  the  Bilharzia.  These  "bearers"  or  "hosts"  were  small 
moUusks  or  aquatic  animals,  inhabiting  the  African  rivers.  They 
contained  the  higher  larval  states  of  this  parasite,  the  larvsB  being 
introduced  into  the  human  body  by  drinking  the  African  waters 
unfiltered.  __^_ 

ENTOMOLOGICAL  SOCIETY.— FeJ.  1. 

Probable  New  Souecb  op  Silk. — Professor  Westwood  showed 
samples  of  a  peculiar  silk  forwarded  from  St.  Salvador,  South  Ame- 
rica, said  to  be  produced  by  larva  feeding  on  a  native  species  of  oak 
(Quercus).  The  silk,  which  is  produced  in  flat  layers,  and  not  in 
cocoons,  is  said  to  be  of  good  quality,  and  to  be  capable,  after  card- 
ing, of  being  used  in  the  arts. 

Itlp.  F.  Smith  showed  a  curious  collection  of  wasps'  neits,  in  every 
stage  of  progress,  from  their  first  commencement  to  their  comple- 
tion. All  of  these  had  been  constructed  under  the  direct  superinten- 
dence of  Mr.  Stone,  who  has  so  far  succeeded  in  domesticating  wasps 
as  to  be  able  to  induce  them  to  construct  their  nests  in  any  situation 
that  he  wishes. 
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GEOLOGICAL  SOCIETY.— i?».  3  and  F^.  19. 

The  Permian  Rocks  of  the  N"oeth-West  op  England. — Sir  R.  I. 
Mnrchison  and  Professor  R.  Harkness  commxuiicated  a  paper  on  the 
Permian  group,  in  which  they  propounded  a  new  view  of  their  com- 
position ;  and,  by  the  consequent  re-arrangement  of  the  rocks  in- 
volved in  this  change  in  classification,  they  were  enabled  to  place 
the  Permian  strata  of  Great  Britain  in  direct  correlation  with  those 
of  the  continent  of  Europe.  This  new  feature  in  British  classifica- 
tion is  the  assignment  of  a  large  amount  of  red  sandstone  in  the 
north-western  counties  to  the  Permian  period,  and  its  removal  from 
the  New  Red  Sandstone,  or  Trias-formation,  to  which  they  have 
hitherto  been  assigned  in  all  geological  maps.  The  authors  showed 
that  these  red  sandstones  are  closely  and  conformably  united  with  the 
Magnesian  Limestone,  or  its  equivalent,  and  form  the  natural  upper 
limit  of  the  Palssozoic  deposits.  They  thus  affirmed  that  a  tripartite 
arrangement  of  the  Permian  rocks  holds  good  in  Westmoreland, 
Cumberland,  and  Lancashire,  and  that  the  three  subdivisions  are  cor- 
relative with  those  formerly  shown  by  Sir  R.  I.  Murchison  to  exist 
in  the  Permian  deposits  of  Germany  and  Russia. 

The  difference  in  lithological  details  of  the  Permian  rocks  of  the 
North- West  of  England  from  those  on  the  opposite  flank  of  the  Pen- 
nine chain  was  next  adverted  to  ;  and  it  was  observed  that,  with  so 
vast  a  dissimilarity  in  their  lithological  development  in  England,  we 
need  not  be  surprised  at  finding  still  greater  diversities  in  these  pro- 
tean deposits,  when  followed  into  Germany  and  Russia. 

The  discovery,  by  Professor  Harkness,  in  the  central  member  of 
this  siliceous  group  in  Westmoreland,  of  numerous  fossil  plants 
identical  with  the  species  of  the  Kupfer  Schiefer  in  Germany,  and  in 
the  Marl-slate  of  the  Magnesian  Limestone  of  Durham,  was  given  as 
a  strong  proof  of  the  correctness  of  the  authors*  conclusions. 

On  the  19th  Feb.  Professor  Ramsay  delivered  an  annual  address 
of  unusual  interest  and  importance.  The  subject  was  a  continuation 
of  that  of  last  year,  and  the  learned  Professor  went  into  an  elabo- 
rate investigation  of  the  evidence  that  great  breaks  existed  in  the 
biological  and  stratigraphical  record  presented  by  the  secondary  for- 
mations in  this  and  other  countries.  When  the  address  is  published 
it  will,  no  doubt,  receive  further  notice  in  the  Intellectual  Ob- 
server ;  and  all  that  our  present  space  and  opportunity  permits  is  to 
say  that  an  investigation  of  all  the  known  facts  concerning  the 
secondary,  or  Mesozoic,  strata,  confirms  the  views  expressed  by  Pro- 
fessor Ramsay,  and  coupled  by  the  leading  geologists,  with  reference 
to  the  Palffiozoic  rocks, — namely,  the  incompleteness  of  the  record, 
and  the  strong  probability  that  the  whole  series  of  changes  in  the 
life  of  the  globe  have  been  brought  about  by  the  very  slow  and  gra- 
dual action  of  causes  operating  through  enormoua  periods  of  time. 
Professor  Ramsay  laid  before  the  Society  careftilly  prepared  tables, 
to  show  the  proportion  of  species  that  can  be  traced  upwards  and 
downwards  n*om  particular  secondary  formations.  These  tables 
show  the  changes,  of  which  known  rocks  furnish  the  records,  to  be 
more  gradual  than  has  generally  been  supposed  ,*  and,  if  we  make 
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allowance  for  the  loss  or  non-discoverj  of  so  many  pages  in  the  great 
Stone  Book,  the  idea  of  a  series  of  alternate  creations  and  destruc- 
tions must  give  place,  to  make  waj  for  a  continnons  picture  of  de- 
scent with  modifications,  and  a  replacement  of  species  by  causes 
analogous  to  those  which  affect  the  &una  of  our  own  times. 


NOTES  AND  MEMORANDA. 

"NSW  Facts  ik  Ebsxevtation.— M.  A.  B^ohamp  states  in  Compter  Eendus 
that  if  thA  most  of  grapes  of  different  kinds  is  filtered,  the  ordinary  aleoholic  fer- 
ment (jeast)  only  appears  in  it ;  but,  if  not  filtered^  thread-shaped  ferments  make 
their  appearance  also,  and  occur  largely  with  free  access  of  sir.  The  fermentation 
of  filtered  grape  jaice  effected  by  yeast  only,  yields  a  wine  that  differs  con- 
siderably firom  that  of  unfiltered  grape  juice  fermented  in  the  ordinary  way. 
He  cannot  state  exsctly  what  part  is  performed  by  the  filiform  (vibrio-like?) 
ferments,  bat  does  not  find  that  they  materially  augment  the  quantity  of 
acetic  acid  in  the  wine. 

SHOOTivchSTABS  IN  TH£  Two  Hbmisfkbbiss. — ^M.  Fooy,  in  a  paper  com- 
municated to  the  French  Academy  on  the  Shooting-Stars  he  had  observed  at 
Hayannah,  states  that  the  number  of  meteors  seen  in  the  Northern  Hemisphere 
is  nearly  double  that  of  those  seen  in  the  Southern;  and  that,  while  in  the 
Northern  the  maximum  number  is  seen  between  one  and  two  o'dock,  in  the 
Southern  the  greater  part  are  seen  between  two  and  three. 

Spontanxotts  GxiTESATiON  CoMXiTTBv: — ^At  the  sitting  of  the  French 
Academy  on  January  4th,  M.  Pasteur  stated  that  Messrs.  Pouchet  and  Joly 
denied  his  assertion,  '*  that  it  was  always  possible  to  take  from  any  place  a  notice- 
able, but  limited  quantity  of  air,  which  had  not  undergone  any  modiBcation, 
chemical  or  mechanical,  and  which  was,  nevertheless,  unfit  to  cause  uiy  alteration 
in  an  eminently  putrescible  liquid."  MM.  Joly  and  Musset  declared  that  if, 
nnder  such  circumstances  a  single  vessel  remained  unaltered,  they  would  acknow- 
ledge their  defeat.  M.  Pouchet  said,  ^  I  affirm  that,  from  whatever  part  of  the 
globe  I  take  a]cubic  decimetre  of  air,  when  I  place  it  in  contact  with  a  fermentable 
liquor  enclosed  in  a  hermetically  sealed  vessel,  it  is  always  filled  with  liring 
organisms."  All  the  parties  were  willing  to  repeat  their  experiments  before  a  Com- 
mission named  by  the  Academy,  and  accordingly  Messrs.  Mourens,  Dumas, 
Brongniart,  Milne  Edwards,  and  Balard  were  nommated  for  the  purpose. 

AiriLTKE  Yellow  akd  Akilinb  Blue. — Professor  Hoffman  has  communi- 
cated to  the  Boyal  Society  his  observations  on  a  yellow  substance  obtained  by  Mr. 
Nicholson  from  a  resinous  substance  left  in  the  preparation  of  rosaniline.  Pro- 
fessor Hoffman  calls  this  material  chrysaniUnef  and  states  that  it  is  a  finely-divided 
yellow  powder,  like  fresh  precipitated  chromate  of  lead,  uncrystalline,  scarcely 
soluble  in  water,  easily  so  in  alcohol  and  ether.  It  constitutes  an  organic  base,  re- 
presented by  the  formula  C^oHiyN,. 

To  form  Aniline  blue,  rosaniline  salts  are  heated  at  a  high,  temperature  with  ex- 
cess of  aniline,  or  rosaniline  is  so  heated  with  salts  of  aniline.  The  transition  was 
first  observed  by  MM.  Q-erard  and  DeLaire,  and  has  become  the  foundation  of  a 
new  branch  of  industry. 

The  CLiMBiNa  A2rABA8.-^Some  doubt  having  been  thrown  on  the  climbing 
properties  of  this  curious  fish  {Anabas  scandens).  Captain  Jesse  Mitchell,  of  the 
Madras  Goremment  Central  Museum,  states  in  the  Annals  Nat,  Hist,  that  his 
assistant,  Mr.  Bungasaway  Moodeliar,  has  seen  it  climb  palmyra  trees  growing  by 
the  side  of  a  tank  or  pool.  The  fish  climbs  by  means  of  its  opercula,  which  move 
unlike  those  of  other  fish.  It  crawls  up  the  tree  sideways  to  the  height  of  five  or 
seven  feet,  and  then  drops  down. 

Illitstbation  of  NEaATiYB  Eyidbnoe.— Many  disputes  in  geology  are 
founded  upon  the  generally  unwarrantable  assumption  that  certain  animals  or 
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plants  oould  nerer  hare  existed,  because  their  remains  hare  not  been  found.  It 
is,  therefore,  interesting  to  note  a  modem  instance,  in  which  naturalists  are  with- 
out that  kind  of  proof,  furnished  by  a  specimen,  of  the  existence  of  an  enormous 
animal,  apporentlj  not  uncommon.  Dr.  G-raj*  speaking  of  the  Physetes,  or  Black 
fish  of  the  whalers,  states  in  the  AnnaU  Nat.  Sut.,**  there  is  not  a  bone,  nor  eren  a 
fragment  of  a  bone,  nor  any  part  which  can  be  proved  to  hare  belonged  to  a  speci- 
men  of  this  gigantic  animal  to  be  seen  in  any  museum  in  Europe.  This  is  the  more 
remarkable,  as  the  animal  grows  to  the  length  of  more  than  fifty  feet,  is  mentioned 
under  the  name  of  the  Black  fish  in  almost  all  whaling  voyages,  and  two  specimens 
of  it  were  examined  by  Sibbold,  having  occurred  on  the  coast  of  Scotland." 

The  Nile  is  Eablt  Ages. — The  Quarterly  Journal  of  the  Gholoffieal 
Society^  No.  77,  contains  an  important  paper  by  Dr.  Leith  Adams,  who  has  been 
collecting  fresh-water  shells  in  the  Nile  Volley  at  considerable  elevations  above  the 
present  river  level  in  flood  seasons.  The  conclusions  deduced  from  his  observa- 
tions are  "that  there  is  reason  to  infer  that  the  Nile  in  early  ages  was  a  rapid 
river,  and  that  the  force  of  the  stream  has  been  steadily  declining ;  at  least,  since 
the  upheaval  (?)  of  the  valley  ceased.**  Dr.  Adams  adds  that  Mr.  Bhind's 
observations  tend  to  show  that  '^  the  change  has  been  scarcelpr  perceptible  within 
the  long  historical  periods  furnished  by  the  records,  excepting  on  certain  points 
caused  by  a  change  m  the  direction  of  the  river's  force." 

Aetiptcial  Bahtbow. — M.  J.  Duboscq  has  contrived  for  the  French  theab^ 
a  method  of  imitating  the  rainbow,  of  which  Cosmos  speaks  very  highly.  He 
employs  an  electric  light,  obtained  with  the  aid  of  100  Bunsen  elements.  The 
first  lenses  of  his  optical  apparatus  render  the  rays  from  this  source  parallel,  and 
transmit  them  through  a  rainbow- shaped  hole  in  a  screen  to  a  double  convex 
lens  of  very  short  focus,  from  which  they  pass  to  a  prism,  and  emerge  with 
sufficient  divergence  to  make  an  efiective  rainbow  on  a  screen  about  six  yards  ofil 
This  rainbow  is  said  to  be  brilliant  even  when  the  whole  scene  is  lit  up. 

An  "  Aebtal  Navigatiok  Societt."— A  society  under  this  title  has  been 
constituted  in  Paris,  to  assist  the  experiments  of  M.  Nadar,  and  promote  atmo* 
spheric  travelling. 

Electbical  Light  at  Cape  de  la  H^te. — ^The  French  government  has 
maintained  an  electrical  illumination  at  this  lighthouse,  which  is  near  Havre, 
since  26th  December. 

IwDUSTEiAL  EDircATTOir  OP  Spidehs. — M.  Duchesne  Thoureau  has  for- 
warded to  Cosmos  a  specimen  of  a  sort  of  felt  produced  by  spiders  in  confine- 
ment, and  he  states  that  a  sufficient  number  of  these  creatures  placed  under 
conditions  of  domestication,  which  he  does  not  explain,  will  make  soft,  warm  carpets 
of  any  size !  The  editor  of  Cosmos  says  that  the  specimen  of  spider  maniuac' 
ture  sent  to  him  is  like  German  tinder  in  appearance. 

Presebyation  op  Meat.—M.  Pagliuri  has  sent  a  note  to  the  French  Academy 
on  his  method  of  preserving  meat.  He  washes  it  over  with  a  liquid  composed  of 
alum,  benzoin,  and  water,  this  leaves  a  film  of  a  protecting  substance,  which  he 
states  permits  evaporation  to  go  on,  but  prevents  the  access  of  the  ferments  of 
putrefaction.  Specimens  of  the  preserved  meat  were  exhibited,  but  they  are  said 
not  to  have  presented  a  very  enticing  appearance. 

Injection  op  Oxygen  into  Veins. — M.  M.  Demarquay  and  Lecompte  have 
shewn  that  considerable  quantities  of  oxygen  may  be  thrown  into  the  vena  etna 
below  the  liver,  or  into  the  vena  porta,  without  killing  an  animal  and  without 
changing  the  colour  of  venous  blood. — Compies  Rendus^  No,  4. 1864. 
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EGG  PARASITES  AND  THEIR  RELATIVES. 

BT   THE   BSY.   M.   J.   BEBKELEY^    H.A.^  F.L.S. 
(Wiih  a  Tinted  Flaie.) 

Almost  every  one'wlio  is  engaged  in  experiments  on  the  de- 
velopment of  the  ova  of  fishes^  at  the  present  moment  quite  a 
fashionable  employment^  complains  that  they  are  subject  to 
the  attacks  of  some  parasite^  which  effectually  destroys  their 
vitaUty. 

Various  parasites  indeed  occasionally  infest  them^  such  as 
green  confervas^  belonging  to  the  genus  (Edogonium  and  others; 
but  there  is  an  especial  group  of  organisms  variously  assigned  to 
Fungi  and  Alga^^  which  are  notoriously  antagonistic  to  animals, 
especially  those  of  aquatic  habits^  in  a  low  stage  of  vitality. 
FHes  are  attacked  by  them  while  still  alive,  and  so  are  our 
aquatic  mollusca,  but  not  only  these  smaller  beings,  but  fish 
of  considerable  size  often  fall  a  prey  to  them,  as  is  well  known 
to  those  who  have  aquaria,  and  as  we  have  ourselves  witnessed 
at  the  London  Zoological  Gardens,  and  elsewhere.  It  is  one 
or  more  of  these  organisms  which  attack  the  ova  of  our  trout, 
salmon,  and  char,  and  therefore  a  few  words  about  them  at  the 
present  moment  can  scarcely  be  unacceptable. 

It  is  now  more  than  forty  years  ago  since  these  productions 
were  tolerably  well  characterised,  and  one  of  their  most  pro- 
minent features  detected ;  but  it  is  only  of  later  years  that  they 
have  been  thoroughly  investigated.  Some  of  the  group  are 
parasitic  on  conferva)  and  other  aquatic  plants,  but  we  shall 
confine  our  remarks  to  the  genera  Achlya,  Saprolegnia,  Pythia, 
and  Aphanomyces,  so  far  as  they  affect  animal  substances. 

Gruithuisen  appears  to  have  been  the  first  person  who 
observed  in  the  clavate  tips  of  the  threads  of  one  of  them, 
Saprolegnia  ferax  (Figs.  1—6),  a  multitude  of  minute  spore-like 
bodies,  which  escaped  from  them  and  moved  about  when  free 
like  Infusoria.     This  observation,  on  which  the  genus  Sapro- 
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legnia  was  first  establislied  by  Nees  von  Esenbeck^  has  been 
now  extended  with  certain  modifications  to  the  whole  group ; 
and  on  this  account^  in  addition  to  their  aquatic  habits^  these 
plants  have  been  associated  with  the  Algae,  though  their 
appearance  and  habit  are  rather  those  of  some  of  the  moulds. 
Carus,  however,  in  investigating  a  mouldy  appearance  which 
arose  on  a  dead  salamander,  having  immersed  half  in  water 
and  kept  the  other  half  moist  in  air,  obtained  from  the  latter 
an  undoubted  species  of  Mucor,  while  from  the  former  he 
obtained  Achlya  prolifera,  Nees  (Figs.  10 — 12).  This  was 
taken  at  the  time  as  a  strong  argument  for  the  instability  of 
the  lower  plants,  while  in  truth  it  was  only  one  amongst  many 
proofs  of  a  fact  which  was  then  unknown,  but  has  since  been 
amply  manifested,  that  in  these  lower  plants  there  is  a  duality 
or  plurality  of  modes  of  fructification.  Indeed,  though  the 
active  spores,  moving  about  with  one  or  more  lash-like  appen- 
dages, resemble  exactly  the  reproductive  bodies  which  are  so 
common  amongst  Algae,  there  is  now  evidence  amongst  moulds, 
as  in  the  genera  Peronospora  and  Gystopus,  and  still  more 
amongst  the  Myxogasires,  that  there  are  active  spores  amongst 
true  Fungi.  The  difficully,  therefore,  in  great  measure,  ceases, 
and  I  have  not  a  doubt  left  in  my  own  mind  about  the  subject, 
while  I  consider  my  remarks  in  the  introduction  to  Cryptogamic 
Botamy,  which  have  been  caUed  in  question,  fiiUy  coXned. 

Correct  information  as  to  the  structure  of  these  curious 
parasites  has  been  obtained  but  slowly,  and  as  it  is  scattered 
up  and  down  amongst  a  variety  of  journals,  it  is  proposed  to 
give  here  a  sort  of  prieisy  without  any  pretensions  to  noveliy. 
The  most  complete  account  is  that  by  Rringsheim,  in  his  Jowntal 
of  Scientific  Bota/nyJ^  His  definition  of  three  of  the  genera  to 
which  these  animal  parasites  are  referrible  is  here  given  nearly 
in  his  own  terms,  to  which  is  added  a  fourth,  Apha/nomyces,  pro- 
posed by  De  Bary. 

Saprolegnia,  Nees  v.  Esenb. — ^Infiisorioid  spores  formed  in 
the  interior  of  the  sporangia,  and  immediately  after  their  forma- 
tion isolated  and  active  without  any  previous  membrane.  New 
sporangia  formed  by  the  repeated  protrusion  of  the  basal  mem- 
brane into  the  old  sporangium.  Oogonia  containing  numerous 
resting  spores.     (Figs.  1 — 8.) 

Achlya,  Nees  v.  Esenb. — Infusorioid  spores  formed  in  the 
interior  of  the  sporangia,  but  after  their  formation  collected  in 
a  head  at  the  point  of  issue,  and  clothed  with  a  membrane. 
The  basal  membrane  of  the  sporangia  forming  lateral  sporangia 
by  protrusion  at  the  base  of  the  primary  sporangia.  Besting 
spores  numerous  in  the  Oogonia.     (Figs.  10 — 14.) 

*  Jabrbuclier  fur  WlBsenshaftliche  Botanik  henuBgegeben  Ton  Dr.  N.  FziDgs- 
heim,  1857  and  1589. 
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Pythium,  Pringaheim.  —  Infosorioid  spores  formed  at  the 
orifice  of  the  sporangia  from  their  ejected  contents^  not  sur- 
rounded by  a  membrane.  Basal  membrane  neither  prolonged 
into  the  cavity  of  the  sporangium  nor  bursting  out  latercdly. 
Oogonia  containing  a  single  resting  spore.     (Figs.  14 — 16.) 

AphanomyceSy  De  Baiy. — lu&sorioid  spores  formed  in  a 
single  row  in  long  cylindrical  tubes^  collected  in  heads  after 
their  discharge^  and  acquiring  a  membrane  before  becoming 
free.  Besting  spores  single  in  the  Oogonia.  Antheridia 
fonned  from  ti^e  swollen  tips  of  lateral  bran(^es.  (Figs.  17 — ^20.) 

The  parasite  I  have  more  especially  seen  on  fish  eggs 
belongs  to  the  first  genus^  but  as  it  has  produced  sporangia 
only^  it  is  scarcely  possible  to  speak  positively  as  to  the  species^ 
though  I  believe  it  to  be  referrible  to  Saprolegniaferax. 

To  make  this  history  more  intelligible  I  will  describe  one 
or  more  species  of  each  genus^  in  the  course  of  which  the 
technical  terms  used  above  will  appear  more  clear. 

The  first  appearance  of  Saprolegnda  monaica,  as  indeed  also  of 
8.  feraas,  is  that  of  delicate  white  or  greyish,  nearly  equal,  simple 
or  sKghtly-branched  threads,  without  any  joints,  radiating  in 
eveiy  direction,  and  containing  a  grumous  granulated  mass. 
The  tips  of  these  threads  gradually  swell,  and  after  a  time  a 
septum  is  formed  at  the  base,  after  which  the  contents  are 
collected  into  little  pellets,  each  of  which,  at  length,  is  separated 
from  the  rest,  and  becomes  an  ovate  spore  (Fig.  3),  which 
escapes  by  a  little  aperture  at  the  tip,  and  is  fimiished  with  one 
or  two  delicate  thread-like  appendages,  by  means  of  which  it  is 
able  to  move  about  like  an  infusorial  animal  with  crreat  rapiditv. 
After  a  short  time  motion  ceases,  oad  tixe  spore  germinates  fJd 
produces  a  new  plant.     (Fig.  4.) 

After  the  sporangium  is  exhausted  the  septum  at  the  base 
becomes  convex,  pushes  forward  (Fig.  2)  into  the  vacant  cavity, 
which  it  more  or  less  completely  fills,  and  produces  another 
crop  of  spores,  sometimes  projecting  through  the  aperture  of 
that  which  was  first  formed.  This  process  is  repeated  a  third 
or  even  a  fourth  time  till  the  powers  of  vegetation  are 
exhausted. 

Now,  however,  a  second  form  of  fruit  (Fig.  5)  appears.  A 
form  which  has  been  called  an  Oogonium,  because  it  produces 
spores  which  are  quiescent  and  dormant  for  a  time  like  eggs, 
and  not  ftimished  with  motile  appendages.  Lateral  branches 
are  given  off  for  their  production,  which  terminate  in  large 
globose  sacs,  which,  like  the  sporangia,  are  not  at  first  separated 
by  any  septum.  One,  however,  is  at  length  formed,  and  the 
membrane  becomes  pierced  with  numerous  apertures.  Mean» 
while  other  branches  (as  in  8.  mondca)  spring  up  in  their 
neighbourhood,  the  tips  of  which  swell,  and  at  length  become 
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wtheridia  fiUed  with  granules,  whicli  seem  to  have  the  power 
of  impregnating  the  contents  of  the  Oogonia  (Fig.  7).  Pro- 
cesses from  the  antheridia  enter  the  apertures  (Fig.  6)  in  the 
waUs  of  the  Oogonia,  the  contents  of  which  are  soon  trans- 
formed  into  numerous  large  globose  resting  spores.  These 
like  the  others  have  the  power  of  propagating  the  plant,  and, 
like  the  resting  spores  of  some  otiier  Algae,  are  able  to  exist 
some  months  without  vegetating,  though  occasionally  they 
germinate  in  situ.  As  regards  the  vegetation  in  general,  it 
proceeds  with  the  utmost  rapidity,  so  that  constant  attention  is 
necessary  to  follow  out  the  several  phases  satisfactorily. 

In  Saprolegniaferaa  the  first  stage  is  precisely  the  same, 
but  there  are  no  lateral  branches  by  i£e  contents  of  the  tips  of 
which  the  Oogonia  can  be  impregnated  (Fig.  5).  Thiis  is 
the  case  also  in  some  other  species,  in  which  impregnation 
takes  place  by  means  of  antheridia  produced  within  the  Oogonia, 
or  bodies  resembhng  the  Oogonia  in  form,  or  by  antheridia 
produced  on  certain  threads,  which  after  a  time  become  free, 
and  attach  themselves  to  the  Oogonia,  as  in  some  genera  of 
Algas,  where  they  are  called  by  the  Germans  Mannchen,  a  term 
equivalent  to  Homunculi.  The  difierent  species  are,  however, 
not  at  present  perfectly  characterised,  and  Pringsheim,  who 
has  paid  so  much  attention  to  these  productions,  and  to  whom 
we  are  indebted  for  the  greater  part  of  our  information,  does 
not  profess  to  have  placed  every  particular  beyond  doubt. 

In  Saprolegnia  dioica,  however,  he  has  shown  that,  after  the 
power  of  forming  sporangia  has  been  exhausted,  a  new  crop 
of  threads  springs  up  from  the  matrix,  destined  to  produce  the 
antheridia.  The  upper  portions  of  these  threads  (Fig.  8)  be* 
comes  septate,  and  commencing  with  the  uppermost  joint  the 
contents  become  organized  and  re-transformed  into  myriads 
of  minute  bodies  (Fig.  9),  each  of  which  bears  a  single  thread- 
like appendage.  These  bodies  are  ejected  from  a  terminal 
Eapilla,  but  in  the  succeeding  joints  the  point  of  egress  is 
kteral.  They  do  not  germinate  like  the  infusorioid  spores,  and, 
as  there  seems  to  be  no  other  mode  of  impregnation,  it  is  con- 
jectured that  they  pass  through  the  apertures  of  the  Oogonia, 
and  thus  vivify  the  resting  spores. 

Saprolegnia  ferax  is  extremely  common  on  flies  in  autumn, 
and  may  at  almost  any  time  be  procured  for  examination  by 
simply  placing  a  few  of  the  languid  flies  which  are  so  common 
towards  the  close  of  the  year  in  water. 

Achlya  prolifera  (Figs.  10 — 12)  will,  however,  sometimes 
appear  on  the  same  matrix,  and  possibly  on  other  animal  sub- 
steuaces  also. 

The  first  stage  of  this  plant  is  very  like  that  of  Saprolegnia, 
at  least  up  to  the  formation  of  the  first  septum  at  the  base  of 
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the  clublike  end  of  the  threads.  The  contents,  however,  of 
the  joint  when  differentiated  are  not  at  once  discharged  as 
perfect  infusorioid  spores,  but  are  collected  in  a  globular 
head  (Fig.  10)  at  the  point  of  issue,  where,  after  a  time,  each 
individual  acquires  a  membrane,  through  which  (Fig.  11)  the 
spore  at  length  bursts  and  moves  about  by  the  means  of  two 
appendages  (Fig.  12). 

The  portion  below  the  effete  joint  does  not,  as  in  the  former 
case,  push  forward  into  the  cavity,  but  bursts  laterally  through 
the  walls,  and  as  this  process  is  repeated  we  have  a  forked 
thread. 

The  Oogonia  are  formed,  as  in  8aprolegniaferax,  without  any 
lateral  branches,  and,  as  in  that  plant,  its  walls  are  perforated 
with  numerous  holes.  The  antheridia  in  this  species  are,  we 
believe,  unknown,  but  in  a  closely  allied  species,  A,  dioica,  they 
are  produced,  as  in  Saprolegnia  dimca,  on  distinct  threads 
(Fig.  13)  thrown  up  from  the  base  of  the  tuft  after  the 
sporangia  have  been  formed.  The  threads  are  articulated  in 
the  same  way,  and,  commencing  with  the  upper  joint,  the 
contents  are  transformed  into  a  number  of  globose  antheridia, 
each  of  which  gives  rise  to  a  quantity  of  uniciliate  bodies  (Fig, 
1 4) ,  which  escape  from  the  common  aperture,  leaving  the  mother 
cells  behind.  The  process  is  repeated  till  it  extends  to  four 
of  five  joints.  The  minute  bodies  do  not  germinate,  and, 
therefore,  as  in  the  case  of  8.  dimca^  there  seems  little  doubt 
about  their  functions. 

We  next  come  to  Pijthiuvi,  one  species  of  which,  P.  monO" 
spermum  (Figs.  14*,  16),  grows  on  dead  insects  in  water. 

In  this  species  ^e  sporangia,  which  are  produced  on  short 
lateral  branches,  are  solitary  and  extremely  long  (Fig.  14*), 
with  one,  or  sometimes  two,  shorter  delicate  appendages  at  their 
base.  The  contents  ooze  out  and  form  a  globular  mass  (Fig.  15) 
at  the  apex,  in  the  centre  of  which  the  infusorioid  spores  are 
formed.  The  Oogonia  are  small  and  globose,  and  with  or  with- 
out a  terminal  thread  or  papilla ;  lateral  threads  are  given  off 
in  their  neighbourhood,  the  tips  of  which  swell  into  antheridia 
and  penetrate  the  Oogonium  through  one  of  its  apertures  by 
means  of  little  rootlike  processes,  as  in  Saprolegnia  monoica 
(Fig.  7),  thus  giving  rise  to  a  solitary  resting  spore  (Fig.  16). 

We  have  still  to  notice  the  fourth  genus,  which  has  been  pro- 
posed by  DeBary  under  the  name  oiAphanomyees  (Figs.  1 7 — 20), 
a  name  which  seems  to  imply  a  close  affinity  with  Fuixgi,  if 
not  an  immediate  relation.  Three  of  the  species  described 
grow  upon  insects  in  water.  This  genus  is  distinguished  from  the 
last  by  the  peculiar  mode  in  which  the  inftisorioid  bodies  are 
formed.  Each  is  produced  separately  from  the  contents  of  the 
thread,  and  as  one  escapes  another  comes  forward  from  behind 


152  Egg  Parasites  and  their  Belatives. 

(Fig.  17).  When  all  have  emerged  each  gradually  acquires  a 
separate  membrane  (Fig.  18)^  from  which  it  tdtimately  escapes^ 
moving  about  with  one  or  two  cilia  (Fig.  19).  The  Oogonia 
are  globose.  Impregnation  takes  place  by  means  of  antheridia 
produced  at  the  tips  of  lateral  branches^  as  in  Pythium,  In 
Aphanomyces  stellattis  the  Oogonia  are  covered  with  projecting 
papillas  (Fig.  20).  In  A.  scaber  they  are  mnch  less  rough, 
while  in  A.  Icevis  they  are  quite  destitute  of  warts.  A  single 
resting  spore  only  is  formed  in  each  sac. 

It  remains  only  to  notice  a  curious  circumstance  that^  in  an 
unnamed  species  of  Saprolegnia,  Pringsheim  has  occasionally 
found  a  single  echinulate  body  formed  within  the  Oogonium, 
reminding  one  at  once  of  the  similar  bodies  observed  by 
Gaspary  and  others,  which  are  formed  as  a  second  kind  of 
firuit  in  Peronosptyra.  Cienkowski  has  also  observed  some- 
thing very  similar.  This  appears  to  be  an  additional  argu- 
ment for  the  reference  of  these  carious  bodies  to  Fungi. 
Attention  also  may  be  called  to  the  close  resemblance  of  the 
process  of  impregnation  in  Saprolcgnia  dUnca  to  that  which 
Hofmeister  is  said  to  have  observed  in  Truffles  (Pringsh.  Jahr. 
Band  2),  and  still  more  to  De  Bary's  observations  on  Cystopus 
and  Peronospora,  in  the  20th  volume  of  the  fourth  series  of 
Annales  des  Sciences  Naturelhs,  just  published,  and  of  which 
I  shall  hope  shortly  to  give  a  report  in  the  Intellectual 
Obsebveb. 

K  I  am  asked  to  propose  a  remedy  for  the  disease,  I  am 
unable  to  make  any  plausible  suggestion,  as  the  substances 
which  might  prove  an  impediment  to  the  production  of  these 
plants  may  prove  equally  detrimental  to  the  eggs  or  fish  which 
it  is  wished  to  protect.  I  can  only  suggest  that  a  weak  solu- 
tion of  hyposulphite  of  soda  should  be  tried  in  the  case  of  a 
few  eggs,  and,  if  it  succeeds  on  a  small  scale,  the  experiment 
might  be  easily  extended.  No  one  would  be  rash  enough  to 
risk  any  great  loss  on  a  first  experiment. 

The  following  are  the  principal  treatises  which  have  been 
examined  in  the  preparation  of  this  paper: — Gruithuisen  in 
Act.  Leop.  1821,  p.  450,  t.  88.  Cams  in  Act.  Leop.  1828, 
t.  58.  Pringsheim,  Nov.  Act.  1850,  t.  46—50.  Thuret 
Recherches  sur  les  Zoospores  des  Algues,  1851.  De  Bary 
Beitrag  zur  Kenntniss  der  Achlya  prolifera  Botanische  Zeitung, 
1852.  Cienkowski  Algologische  Studito  Bot.  Zeit.  1856. 
Pringsheim  in  Pringsheim  Jahrb.  Band  1,  Heft  2.  Pringsheim 
Band  2,  Heft  2.     De  Bary  in  Pringsh.  Jahrb.  Band  2,  Heft  2. 

DESCRIPTIONS  OJP  PIGUEES. 

Figs.  1 — 6.  Saprolcgnia  /erase, — 1.  Group  of  threads  with 
sporangia  in  diJBTerent  stages  of  growth,  magnified.     2.  Porma- 
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tion  of  second  sporangium.  3.  Infusorioid  spore  Iiigbly  mag- 
nified. 4.  Do.  do*  in  germination.  5.  Oogonia  in  various 
stages^  magnified.     6.  Portion  of  wall  to  show  the  apertures. 

7.  Saprolegnia  nionoica. — Oogonium  with  antheridia^  one 
of  which  has  penetrated  the  cavity  by  means  of  a  rootlike 
process. 

8,  9.  Saprolegrvia  dioica, — 8.  Thread  magnified,  producing 
spermatozoidk.  9.  Spermatozoid  highly  magnified^  killed  with 
iodine. 

10 — 12.  Achlya  proUfera, — 10.  Tip  of  thread,  showing  the 
infusorioid  spores  making  their  way  to  the  tip  of  sporangium, 
and  new  sporangium  formed  at  the  base.  11.  Infusorioid  spores 
surrounded  by  membrane,  and  two  empty  cases,  highly  mag'- 
nified.     12.  Perfect  spores  free,  highly  magnified. 

13,  14.  Achlya  dioica. — 13.  Tip  of  thread  containing  an* 
theridia,  from  some  of  which  the  spermatozoids  are  escaping. 
14.  Spermatozoids,  killed  with  iodine,  highly  magnified. 

14* — 16.  Pythium  monospermvan, — 14.*  Thread  with 
sporangia  magnified.  15.  Infusorioid  spores  collected  at  tip 
of  a  sporangium,  highly  magnified.  16.  Oogonium  with  an- 
theridium. 

17 — 20.  Aphancnvyces  steUatiis, — 17.  Thread  showing  the 
spores  making  their  way,  one  by  one,  to  the  tip.  18.  Spores 
surrounded  by  membrane  and  empty  cases.  19.  Do.  &ee. 
20.  Oogonia  with  antheridia. 

The  figures  are  all  borrowed,  with  a  single  exception,  from 
the  above-mentioned  memoirs. 


PHOTOGEAPHY— ITS   HISTORY,  POSITION,  AND 

PROSPECTS. 

PART  I.— HISTORY  OP  PHOTOaRAPHY.  t 
BY  J.   W.  M^GAULEY. 

In  treating  of  a  science  which,  although  the  creation  of  but 
a  comparatively  recent  period,  has  become  so  extensive  as  to 
be  dependent  on  an  immense  number  of  principles,  to  include 
a  great  variety  of  processes,  and  to  be  scattered  over  a  vast 
body  of  literature  in  every  modem  language,  it  will  be  im- 
possible, even  in  a  paper  of  unusual  dimensions,  to  give  more 
than  a  glance  at  its  past  history,  its  present  position,  and  its 
future  prospects.  It  is  not  our  object  to  teach  the  Art  of 
Photography,  we  propose  merely  to  trace  its  progress  from  its 
first  glimmerings  to  its  now  wondrous  development ;  to  give  a 

t  The  remainlDg  parts  will  follow  at  early  dates. 
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Bliort  general  view  of  its  most  important  processes ;  to  explain 
the  most  interesting  'of  the  principles  on  which  its  manipula- 
tions are  founded ;  and  finally  to  notice  some  of  the  accidents 
and  failures  to  which  it  is  liable.  Although  it  is  almost  im- 
possible to  keep  these  perfectly  distinct^  it  is  more  convenient 
to  treat  them  separately. 

Photography  (light  writing)  enables  us  to  produce  pictures 
by  means  of  the  sun's  rays^  nevertheless  its  designation  hiis 
not  been  happily  chosen.  Niepce  very  early  suggested  the 
term  Heliography  (sun  writing),  which  would  be  far  less  open  to 
objection ;  but  it  was  not  adopted :  and  the  name,  like  many 
others  which  are  unfortunately  found  in  science,  and  were  formed 
under  the  dangerous  guidance  of  imperfect  knowledge,  is 
likely  to  maintain  its  position.  It  is  not  improbable,  however, 
that  it  may  yet  be  appropriate,  since  the  day  appears  not  very 
remote  when  even  the  various  coloured  rays  will  be  compelled 
to  leave  their  characteristic  and  permanent  impress,  and  the 
photograph  will  become  a  picture  in  the  truest  sense  of  the 
word. 

History  of  PHOToaRAPHT.  Photography  originated  in,  and 
its  chief  processes  still  are— as  perhaps  they  always  will  be— 
founded  on  the  fact  that  the  salts  of  silver  are  blackened  by  light. 
This,  although  so  recently  utilized,  is  not  a  new  discovery.  So 
early  as  the  middle  of  the  fifteenth  century  the  alchymists  had 
observed  the  blackening  of  fused  chloride  of  silver ;  and  they 
even  considered  the  "  sulphurous  principle ''  of  Ught,  as  they 
termed  it,  one  of  the  chief  agents  through  which  nature  re- 
ceived her  variety  of  form.  This  extraordinary  property  of 
light  continued,  at  least  from  time  to  time,  to  arrest  the  atten- 
tion of  philosophers,  but  the  progress  of  its  investigation  was 
long  and  tedious.  In  1777,  Scheele  concluded  from  his  experi- 
ments that  the  dark  tint  produced  was  due  to  "  reduced  sil- 
ver''  ;  and  he  remarked  that  the  violet  acted  more  energetically 
than  any  other  ray.  In  1801,  Bitter  observed  that  a  silver 
salt  was  blackened  in  a  space  beyond  the  violet  of  the  spectrum^ 
and  that  the  red  ray  restored  the  reduced  chloride.  Then,  it 
was  discovered  that  the  action  of  light  was  not  confined  to 
argentiferous  compounds ;  Wollaston,  in  1802,  ascertained  that 
cards  moistened  with  tincture  of  gum  guiaiacum  acquired  a 
green  tint  in  the  violet  ray,  but  lost  it  in  the  red.  In  1810, 
fcJeebeck  noticed  that  the  tints  produced  by  light  on  chloride 
of  silver  were  difierent  with  the  difierent  coloured  rays ;  violet 
rendering  it  violet ;  blue,  blue ;  yellow,  white ;  and  red,  red. 
This  was  the  first  approximation  to  ,H€liochroviy.  Berard  per- 
ceived that,  when  the  rays  of  the  spectrum,  from  the  green  to 
the  extremity  of  the  red,  were  concentrated  by  a  lens,  chlo- 
ride of  silver,  exposed  in  the  focus  for  more  than  two  hours^ 
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suffered  no  perceptible  alteration^  although  the  light  was  too 
brilliant  for  endurance ;  but  that  it  was  blackened  in  six  mi- 
nutes^  when  it  was  exposed^  in  a  similar  way,  to  the  rays  between 
the  green  and  the  extremity  of  the  violet.  Philosophers  are 
now  aware  that  the  solar  spectrum  in  reality  consists  of  three 
spectra,  possessing  very  different  properties,  partially,  but  not 
uniformly,  superimposed — a  luminous,  a  calorilic,  and  an  actinic, 
photographic  effects  being  due  to  the  last ;  and  that  the  lumi- 
nous consists  of  a  yellow,  a  red,  and  a  blue  spectrum,  similarly 
superimposed.  Whether  the  calorific  and  the  actinic  also  are 
compound,  our  present  knowledge  does  not  enable  us  to  decide. 

The  important  circumstance  of  the  action  of  light  on  a 
salt  of  silver  having  once  attracted  attention,  such  a  modifica- 
tion of  the  effect  as  would  result  in  a  picture  was  but  a  step, 
though  an  important  one.  This  step  is  due  to  the  combined 
ingenuity  of  Wedgewood,  the  son  of  the  celebrated  porcelain 
manufacturer,  and  Sir  H.  Davy,  the  illustrious  chemist.  The 
effects  they  produced  excited  admiration,  but  their  pictures 
gradually  changed  into  mere  blackened  surfaces.  The  know- 
ledge of  one  simple  fact  alone  was  required  to  give  permanence 
to  their  productions ;  but  that  iact  was  not  discovered  until 
long  afterwards.  These  achievements  of  Wedgewood  and 
Davy  had  been,  in  some  degree,  anticipated  more  than  two 
centuries  previously;  since  Fabricius,  in  a  work  on  metals, 
published  in  15(>6,  asserted  that  a  lens  produced  on  chloride  of 
silver  an  image  in  which  the  bright  parts  of  objects  formed 
dark  shadows,  and  their  dark  parts  lights — that  is,  a  '^  nega- 
tive picture,^'  the  lights  and  shades  being  reversed.  Such 
were  the  pictures  of  Wedgewood  and  Davy,  since  they  were 
unable  to  obtain  a  positive  by  transmitting  the  light  through 
a  negative.  At  this  stage,  the  camera  obscura  naturally 
suggested  itself  as  a  valuable  aid  to  photography ;  but,  when 
Wedgewood  made  the  trial,  he  found  that  too  long  an  exposure 
to  light  was  required,  if  it  was  used.  The  solar  microscope, 
however,  was  found  to  be  available  for  the  purpose ;  but  he 
usually  employed  the  direct  rays  of  the  sun,  transmitted 
through  the  engraving,  or  other  object  which  it  was  desired 
to  copy.  Wedgewood  discovered  that  the  chloride  was  more 
sensitive  than  the  nitrate  of  silver,  and  that  both  were  more 
sensitive  in  the  moist  than  in  the  dry  state. 

Little  or  no  further  progress  was  made  for  some  time ;  but 
at  length  the  grand  difficulty  was  surmounted;  Niepce  and 
Daguerre  succeeded  in  arresting  the  action  of  light.  Kicephorus 
Niepce  was  bom  at  Chalons-sur-Sadne,  in  1765.  In  his  early 
years  he  had  been  in  the  army,  but  in  1814  his  attention  was 
accidentally  turned  to  photography.  Seeking  a  substitute  for 
lithographic  stone,  he  observed  that  bitumen  was  rendered  of 
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A  greyiBh  colour  by  the  action  of  light ;  and  that  if  spread  as 
a  thin  coating  over  a  metallic  plate,  and  exposed  to  the  light, 
it  was  rendered  soluble  in  essence  of  lavender^  wherever  the  light 
had  acted.  He  advanced  then  step  by  step  to  important 
results^  Daguerre  beings  daring  the  latter  portion  of  his  career, 
the  partner  of  his  researches.  But  he  did  not  himself  reap  the 
reward  of  his  labours^  since  he  died  in  poverty  in  1833^  having 
dissipated  his  patrimony  in  scientific  investigations.  When, 
however,  in  1839,  the  discoveries  made  conjointly  by  him 
and  Daguerre  were  purchased  by  the  Frendi  Government, 
and  given  to  the  worlds  his  son  was  not  forgotten.  Louis- 
Jaques-Maud^  Daguerre^  a  celebrated  French  c^ist,  was  bom 
at  Comeilles,  in  1789.  His  early  hfe  was  passed  in  stormy 
times,  but  this  did  not  prevent  lum  from  devoting  himself  to 
his  profession  and  becoming  very  eminent  as  a  scenic  decora- 
tor and  a  painter  of  dioramas.  While  attending  a  course  of 
chemistry  under  Charles,  with  the  purpose  of  calling  that 
science  to  the  aid  of  his  pencil,  he  was  struck  by  a  remark 
made  by  the  lecturer,  when  he  exhibited  to  his  audience  an 
image  produced  by  means  of  a  salt  of  silver — '^  it  is  the  sun  that 
has  drawn  this  portrait.'^  Again  and  again  Daguerre  repeated 
these  words  to  himself,  but  each  time  he  was  obliged  to  add, 
'^it  does  not  last.'^  He  was  resolved,  however,  to  give  it 
permanence ;  and,  in  the  researches  he  undertook  for  the 
purpose,  availed  himself  of  the  improvemente  which  had  Utely 
been  made  in  the  camera.  He  did  not  die  until  1851,  long 
after  his  labours  had  been  crowned  with  success. 

The  attempt  to  arrest  the  action  of  light  had  occupied  the 
attention  of  I^iepce  from  1814  to  1824,  with  but  httle  result. 
Towards  the  close  of  this  period,  his  brother,  a  colonel  in  the 
French  army,  while  making  some  purchases  of  Chevalier,  the 
eminent  optician,  happened  to  remark  that  Niepce  had  suc- 
ceeded in  fixing  the  image  produced  by  the  camera;  but 
Ghevalior  discrediting  the  assertion,  paid  no  attention  to  it. 
And  when,  some  days  after,  Daguerre  called  upon  Chevalier, 
and  announced  a  similar  discovery,  he  looked  upon  it  merely  as 
a  continuation  of  the  same  pleasantry.  But  at  length,  finding 
that  Daguerre  was  in  earnest,  he  gave  him  such  information 
regarding  Niepce,  as  produced  a  correspondence  between  the 
two  experimentalists,  that  ended  in  their  becoming  partners ; 
and  before  the  close  of  1827  considerable  progress  was  made 
by  them  in  the  attainment  of  an  effective  mode  of  fixation. 

Niepce^s  object  was,  originally,  the  multiplication  of  images  ; 
which  he  sought  to  accomplish  by  coating  a  metallic  plate  with 
bitumen,  exposing  it  to  the  action  of  light,  dissolving  off  the 
coating  where  the  actinic  influence  had  rendered  it  soluble,  and 
then  corroding  with  nitric  acid  those  parts  which  had  thus 
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been  denuded.  This  process  was  nltimately  modified  so  as  to 
be  applicable  to  photograpby.  Dagnerre  also  used  a  xnetallio 
plate  ;  but  his  object  was  to  form  a  single  picture  directly  upon 
it.  The  Icuat  step  made  by  Niepce  was  the  substitution  of 
iodine  for  a  resinous  coatings  which  diminished  the  time  re- 
quired for  exposure  from  hours  to  minutes.  He  died  soon 
after^  and  his  son  Isidore  became  the  partner  of  Niepce.  In 
1839  the  fruit  of  all  their  joint  researches  was  given  to  the 
world.  Twelve  days  after  the  Chamber  of  Deputies  had  voted 
their  well  earned  rewards  to  those  who  may  be  said  to  have 
created  photography^  Daguerre  lost^  by  a  conflagration^  the 
results  of  all  his  labours  as  an  artist;  but  the  reputation  he 
had  acquired  enabled  him  to  recover  from  the  effects  of  this 
calamity,  and  he  thenceforward  devoted  himself  to  philosophy. 

At  first,  the  Daguerreotype  process  was  extremely  slow,  an 
hour  being  required  for  a  portrait ;  but  the  use  of  bromine, 
introduced  by  Goddard  in  1840,  and  of  other  accelerating 
materials,  greatly  abbreviated  it.  The  removal  of  the  unde- 
composed  silver  salt,  by  means  of  hyposulphite  of  soda,  con- 
stituted its  most  important  feature,  as  it  was  this  which 
prevented  the  darkening  of  the  picture.  But  Sir  J.  Herschel 
also  discovered  this  important  property  of  the  hyposulphite, 
though  unknown  to  Daguerre.  The  Daguerreotype  process  has, 
for  several  reasons,  been  practically  abandoned. 

It  is  a  curious  circumstance  that,  while  Niepce  and 
Dagnerre  were  occupied  with  their  experiments,  a  young  man 
who  was  quite  unknown  to  Chevalier  showed  him  some  photo- 
graphic positives  on  paper,  expressing  his  conviction  that  with  a 
better  apparatus  than  he  possessed  he  would  produce  still  greater 
results,  but  avowing  his  inability  to  purchase  one.  He  left 
some  of  the  material  he  had  used  that  it  might  be  tested  by 
experiment,  but  neither  Chevalier  nor  Daguerre  were  able  to 
accomplish  anything  with  it.  He  never  returned,  and  remains 
nnknown.  But  for  his  poverty  he  would  perhaps  have  been 
the  successful  rival  of  Niepce  and  Daguerre. 

Six  months  before  the  Daguerreotype  process  was  published. 
Fox  Talbot,  who  had  been  engaged  in  his  researches  since 
18S4,  and  had  succeeded  in  fixmg  the  picture,  conmmnicated 
to  the  Boyal  Sociely  his  photographic  discoveries,  and  immedi- 
ately after  made  known  hisme^od  of  preparing  sensitive  paper. 
He  was  betrayed  by  one  of  his  assistants,  who  sold  the  secret 
of  his  process  to  a  photographic  society  at  Idlle,  where  some 
good  pictures  were  produced  by  means  of  it.  Talbot  was  the 
first  who  successfully  used  paper  rendered  sensitive  with  chlo- 
ride of  silver.  He  observed  not  only  that  different  papers 
similarly  prepared  vary  in  sensibility  from  very  slight  causes, 
but  that  some  portions  of  the  same  paper,  even  when  most 
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carefally  prepared,  may  be  found  quite  insensible.  He  claimed 
a  patent  right  in  the  use  ofgallic  acid  as  a  most  efiective  sensi- 
tizing agent,  but  Sir  J.  Herschel  had  already  attempted  to 
apply  it  to  that  purpose,  and  Bead  had  actually  succeeded  in 
doing  so.  In  1840,  Sir  J.  Herschel  had  found  that  photographic 
effects  might  be  produced  by  means  of  any  chemical  agent 
whose  constituents  are  not  firmly  combined.  And,  in  1841, 
Claudet  discovered  that  certain  substances  possessed  the 
property  of  imparting  rapidity,  that  is,  of  diminishing  the  time 
required  for  exposure  to  the  action  of  light. 

It  has  been  asserted  that  Watt  obtained  pictures  with  both 
silvered  plates  and  paper ;  and  specimens  of  photography  on 
these  substances,  said  to  have  been  produced  by  him,  have 
been  exhibited. 

Attempts  were  soon  made  to  obtain  substitutes  for  paper, 
which  is  exposed  to  many  and  serious  defects,  particularly 
when  used  for  the  production  of  negatives.  M.  Niepce  de 
Saint  Victor  was  very  successful  in  this,  as  he  has  simce  been 
in  other  branches  of  photography.  Like  his  uncle,  the  col- 
league of  Daguerre,  he  was  in  the  army  before  he  became  an 
experimentalist.  In  1842,  being  a  lieutenant  of  dragoons  in 
garrison  at  Montauban,  he  amused  himself  with  scientific 
researches.  It  happened  that  the  government  resolved  in  that 
year  to  change  the  colour  which  had  hitherto  characterized  the 
uniform  of  the  regiments  of  dragoons,  for  another.  But  where 
«was  Mareschal  Soult  to  find  the  money  required  for  this  altera- 
tion? Hearing  of  I^iopce  as  ^  young  officer  who  w^  likely  to 
carry  out  his  plans  with  the  required  economy,  he  sent  for  him. 
On  arriving  in  Paris,  Niepce  showed  that  a  brush  dipped  in  a 
certain  fluid  would  produce  the  required  transformation.  He 
received  five  hundred  francs  for  his  ingenuity,  which  saved  the 
government  a  thousand  times  as  much,  and  a  gracious  letter. 
While  in  Paris,  he  was  greatly  struck  by  the  photographs 
which  met  his  view  on  every  side,  and,  coming  to  the  con- 
clusion that  there  only  could  he  make  experiments  with 
full  effect,  he  managed  to  have  himself  transferred  to  the 
municipal  guard  of  that  city,  and  established  his  laboratory  in 
the  barrack  of  the  Faubourg  St.  Martin.  Here  he  made  dis- 
coveries which  have  inscribed  his  name  in  the  annals  of  photo- 
graphy. In  the  conflagration  of  the  barrack,  after  the  flight 
of  Louis  Philippe,  all  his  specimens  and  apparatus  perished, 
but  he  was  soon  more  favourably  circumstanced  than  ever. 
The  provisional  government  made  him  captain  of  the  Republican 
Guard,  and,  afterwards,  the  Emperor  Napoleon  appointed  him 
Commandant  of  the  Louvre.  In  1847  he  presented  a  memoir 
to  the  Academy  of  Sciences  on  a  means  of  obtaining  pictures 
on  glass.     Starch  was  the  first  substance  he  employed  as  a 
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coating.    He  afterwards  adopted  albumen,  which  he  preferred 
to  gelatine,  because  less  easily  soluble  in  water. 

In  1838,  Ponton,  of  Edinburgh,  discovered  the  insolubility 
produced  in  bichromate  of  potash  by  light.  Inl85d,  Talbot  found 
that  organic  matter  in  contact  with  it  became  insoluble  in  the 
same  drcomstances.  In  1855,  Poitevin  applied  this  fact  to  litho- 
graphy. In  1859,  Asser,  of  Amsterdam,  invented  the  mode  of 
''  transference,^^  founded  on  the  facility  with  which  printer's  ink 
spread  on  gelatinized  paper,  may  be  removed  by  water ;  and 
in  the  same  year.  Gibbons  discovered  a  method  of  producing 
the  picture  from  a  ne^tive  directly  on  the  stone. 

Many  persons  claim  the  merit  of  suggesting  waxed  paper, 
as  a  very  transparent  material  for  negatives.  Many,  also,  are 
mentioned  as  having  first  used  coUodion,  the  appUcability  of 
which  to  photography  was  made  known  simultaneously  in 
Prance  and  England,  in  1851.     In  that  year,  a  report  became 

Erevalent  that  a  clergyman  of  the  United  Stotes,  named  Hill, 
ad  found  out  a  means  of  reproducing  the  natural  colours  of 
objects.  Incredible  sums  were  realized  by  the  sale  of  books, 
which  appeared  in  succession-^being  paid  for  by  the  sub- 
scribers in  advance,  and  which,  it  was  promised,  would  reveal 
the  important  secret,  but  they  gave  no  clue  whatever  to  it. 
Yarious  efforts  were  then  made  to  obtain  the  desired  informa- 
tion by  energetic  means,  but  without  success;  and  the  '^  HiUo- 
type''  sunk  at  length  into  oblivion.  Nevertheless,  the  repro- 
duction of  colour  is  not  impossible,  and  ^'  Heliochromy^'  has 
already  advanced  so  far  as  to  constitute  a  recognized  though, 
as  yet,  little  more  than  fk  future  branch  of  photography. 

We  are  indebted  to  M.  Edmond  Bequerel  for  a  knowledge 
of  the  fact  that  a  silver  plate  acquires,  by  immersion  in  a  solu- 
tion of  chlorine,  the  property  of  reproducing  the  colours  of 
the  spectrum.  The  effect,  however,  is  but  transitory ;  since  it 
vanishes  at  once  under  the  influence  of  white,  and  gradually 
under  that  of  coloured  light.  Fixation,  therefore,  so  long  the 
desideratum  of  photography,  is  at  present  the  great  object  of 
search  in  heliography.  But  sometlung  has  been  done  already, 
even  in  this  direction.  In  1861,  Niepce  de  Saint  Victor 
announced  that,  if  the  problem  of  fixation  was  not  solved, 
there  was  reason  to  expect  its  solution.  In  his  laboratory  at 
the  Faubourg  St.  Martin,  he  made  the  important  discovery 
that  the  different  colours  give  rise  to  absorption  of  the  vapour 
of  iodine,  in  different  degrees.  He  found  also  that,  when  a 
silver  plate  is  plunged  into  a  solution  of  chlorine,  the  strength  of 
which  IS  regulated,  any  particular  colour  may  be  made  to  appear 
on  the  plate.  The  least  possible  quantity  of  chlorine  allows  the 
reproduction  of  yellow ;  progressively  larger  quantities,  give 
green,  blue,  indigo,  violet,  red,  orange*— the  last,  appearing 
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only  in  a  saturated  solution.  He  observed  that  certain  metallic 
chlorides^  particularly  chloride  of  copper  and  sesqni-chloride  of 
iron^  give  coloured  images  still  more  readily  than  a  mere 
solution  of  chlorine.  Portraits  artificially  but  skilfully  coloured 
have  been  sold  as  the  pure  products  of  heliochromy;  no  coloured 
photograph  has^  however,  as  yet  been  produced  by  it. 

Photography  has  already  become  of  the  highest  importance^ 
its  votaries  are  scattered  in  tens  of  thousands  over  every  part  of 
the  world ;  it  has  been  pressed  into  the  service  of  every  art, 
science,  and  manufiBKsture.  Nor  are  its  uses  confined  to  the 
requirements  of  tranquillity  and  peace ;  it  has  been  made  a 
portion  of  the  appliances  of  war,  and  on  a  rather  considerable 
scale,  as  appears  from  a  paper  read  before  the  Photographic 
Society  of  London,  in  December  last.*  The  extent  to  which 
it  has  caused  an  increase  in  the  consumption  of  chemical  sub- 
stances may  be  conceived  from  the  fckct  that,  at  Frankfort, 
during  the  year  1862,  5400  German  pounds  of  the  finest  grain 
silver,  worth  168,428  thalers  (about  £36,000),  were  devoted  to  the 
manufacture  of  nitrate  of  silver  alone  {Photographisdies  Arehiv. 
Sep.  1868]  • 


OZONE  AND  OZONE  TESTS. 

BT    S.     J.     LOWB,    T.B.A.S.,     F.O.S.,    ETC. 

Ozone  is  a  subject  that  has  attracted  a  large  amount  of  interest 
within  the  last  few  years.  Schonbein,  in  making  the  important 
discoveiy  of  ozone  in  the  atmosphere,  added  fresh  work  to  all 
meteorological  observers,  and  their  labours  have  thrown  some 
light  on  the  subject.  To  those  who  have  no  knowledge  of  this 
new  property  of  the  air,  it  may  be  said  that,  if  a  piece  of  paper 
be  dipped  into,  or  coated  over,  with  a  solution  consisting  of 
starch,  iodide  of  potassium,  and  distilled  water,  dried  and  tixen 
exposed  to  the  air,  it  becomes  more  or  less  coloured,  according 
to  the  amount  of  ozone  present  at  the  time.  Dr.  Moffatt,  who 
was  the  first  to  take  up  this  subject  in  England,  has  rendered, 
great  service  to  science,  and  his  tests  have  been  almost  univer* 
sally  adopted  by  English  meteorologists  for  a  number  of  years ; 
and  although  an  extended  series  of  experiments  has  convinced 
me  that  the  tests  I  am  now  making  are  purer,  and  better 
adapted  for  a  thorough  insight  into  this  chemical  property  of 
the  air,  nevertheless  our  warmest  thanks  are  due  to  Dr.  Moffatt 
for  his  valuable  labours  in  this  branch  of  science.  Before  turn- 
ing to  ozone  tests,  we  wiU  say  a  few  words  on  ozone  itself. 

*  Phoiogrofihio  Jowmal^  Deo.  1863. 
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Locally  it  'varies  considerably,  being  most  abnndant  near  the 
sea  and  in  bigH  mountainons  districts,  and  least  so  in  cities  and 
lai^e  towns.  There  is  more  ozone  at  Silloth,  a  seaport  town 
in  Cumberland,  than  in  any  other  British  station ;  whilst  in 
Scotland  the  amount  is  very  great  at  Braemar,  a  mountainous 
town  near  the  Queen's  residence  at  Balmoral.  On  the  other 
hand,  at  Manchester  and  in  London  very  little  exists.  Then, 
again,  there  are  periods  with  much  ozone,  and  periods  with 
scarcely  any.  An  instance  of  this  occurs  in  the  month  of 
January  just  passed ;  up  to  the  19th  scarcely  any  ozone  was 
present,  whilst  firom  the  19th  to  the  end  of  the 'month  the 
amount  was  considerable. 

No  doubt,  circumstances  act  for  or  against  the  development 
of  ozone,  at  one  time  augmenting  the  amount,  and  at  another 
diminishing  it.  Chemical  action  increases  witibi  an  increase  of 
heat,  and  diminishes  with  an  increase  of  cold ;  to  this  cause  is 
probably  owing  the  absence,  more  or  less,  of  ozone  in  frosty 
weather.  Moisture  to  a  certain  extent  is  favourable  to  chemical 
action,  yet  an  excess  of  moisture  acts  in  the  opposite  direction ; 
there  is  less  ozone  with  a  very  dry  air,  and  still  less  with  one 
completely  saturated  with  moisture.  It  must  be  borne  in  mind 
that  we  frequently  have  the  air  saturated  with  water,  whilst  the 
atmosphere  never  approaches  perfect  dryness;  on  the  driest 
days  a  considerable  amount  of  water  is  present  in  the  air. 
There  is  a  striking  difference  in  different  directions  of  the 
wind,  for  there  is  least  ozone  with  a  N.E.  wind,  and  most 
witii  one  between  S.W.  and  S.S.W. ;  the  latter  contains  air 
much  charged  with  moisture,  whilst  the  former  is  more  or  less 
dry ;  then,  again,  as  a  rule,  the  S.W.  wind  is  brisk,  whilst  the 
N.B.  wind  is  sluggish.  An  increase  in  the  pressure  of  the  wind, 
which  is  synonymous  to  an  increase  in  the  velocity  of  the  air, 
is  attended  with  an  increase  in  ozone,  as  registered  on  the  test- 
slip  ;  yet  it  does  not  follow  that  there  is  an  actual  increase, 
because  if  the  same  amount  is  present  to-day  as  yesterday,  and 
if  to-day  the  velocity  of  the  air  is  five  times  greater  than  yes- 
terday, it  will  be  apparent  that  five  times  the  amount  of  air 
charged  wit^  ozone  must  pass  over  the  test-shp,  and  this  will, 
no  doubt,  increase  the  colour  of  the  test. 

It  seems  somewhat  singular,  that  the  lower  the  barometer 
falls  the  more  does  ozone  develop  itself;  that  at  a  pressure  of 
29  inches  there  is  considerably  more  ozone  than  with  one  at  30 
inches.  Let  us  consider  what  this  difference  means  :  when  the 
barometer  is  at  30  inches,  the  air  is  capable  of  balancing  a 
column  of  mercury  30  inches  in  length,  whilst  when  it  is  only 
29  it  can  only  balance  one  of  29  inches;  with  the  barometer  at 
29  inches,  a  cubic  foot  of  air  at  a  temperature  of  10'  weighs 
about  573  grains;  at  SO""  about  549  grains;  at  50**  about  526 
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grains ;  at  70''  about  504  grains^  and  at  90*  about  482  grains ; 
with  the  barometer  at  30  inches^  below  the  freezing  pointy  it 
will  be  about  20  grains  heavier ;  at  a  temperature  of  50*^  18 
grains  heavier ;  and  at  90°^  16i  grains  heavier.  Supposing  the 
atmosphere  to  be  completely  saturated  with  moisture^  the 
weight  of  vapour  in  a  cubic  foot  of  air^  at  a  temperature  of  30% 
will  be  2  grains ;  at  50%  4  grains ;  at  70%  8  grains ;  and  at  90*, 
nearly  15  grains.  The  amount  of  vapour  differs,  according  to 
the  difference  between  the  wet  and  dry  bulb  thermometer;  taking 
the  greatest  difference,  or  driest  point  at  each  temperature,  the 
weight  of  vapour  at  30^  will  be  1  grain ;  at  50%  2  grains ;  at 
70%  4  grains ;  and  at  90%  6  grains ;  so  that  at  least  six  times  as 
much  moisture  exists  in  the  hottest  days  as  in  the  coldest;  we, 
however,  feel  the  air  to  be  drier,  because  at  a  temperature  of 
30**  only  1  grain  extra  is  required  for  perfect  saturation,  whilst 
at  90*  it  would  require  8  or  10  grains  extra. 

If  the  air  were  completely  saturated  with  moisture,  the 
whole  amount  of  water  in  a  vertical  column  of  the  atmosphere 
would  be  2i  inches  at  a  temperature  of  30'',  and  19^  inches  at 
a  temperature  of  90'' ;  but  if  the  air  were  unusually  dry,  the 
amount  would  be  li  inches  at  30%  and  10  inches  at  90*.  This 
little  analysis  of  the  atmosphere  will  give  an  insight  into  the 
subject;  yet  it  does  not  afford  us  a  clue  to  the  reason  why  more 
ozone  exists  with  the  barometer  low,  unless  we  consider  that, 
as  wind  accompanies  a  low  state  of  the  barometer,  it  is  to  be 
attributed  to  this  cause  alone. 

From  what  has  now  been  said,  it  becomes  evident  that 
certain  corrections  will  become  necessary  before  the  actual 
amount  of  ozone  can  be  determined. 

We  next  come  to  the  test  used  in  these  investigations,  which 
was  the  subject  of  much  discussion  at  the  Cambridge  meeting 
of  the  British  Association.  Great  difficulty  has  always  been 
experienced  in  producing  tests  that  should  all  register  alike ;  if 
we  expose  those  of  Schonbein  and  Moffatt's  together,  we  do  not 
get  the  same  result,  and  even  tests  made  by  the  same  persons 
at  two  different  times  will  also  not  read  alike,  and  my  investi- 

gEttions  were  with  the  view  of  finding  out  the  cause  of  this, 
ommenciug  at  the  very  beginning  of  their  manufacture,  it  at 
once  occurred  to  me  that  the  starch  of  commerce  of  which  they 
were  made  could  not  be  sufficiently  pure  for  such  dehcate  ex- 
periments; in  their  manufacture,  Ume,  sulphuric  add,  and 
chlorine  are  used — substances  which  will  themselves  colour  the 
tests  without  the  aid  of  ozone.  Place  under  a  bell-glass  a  small 
cup  of  chloride  of  Ume,  and  under  another  a  piece  of  limestone, 
on  which  sulphuric  acid  has  been  poured,  and  under  these  glasses 
suspend  an  ozone  test ;  a  few  minutes  will  suffice  to  demon- 
strate this.     The  ordinary  iodide  of  potassium  is  impure ;  and 
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it  is  by  no  means  easy  to  procure  a  proper  chemically-pnre 
paper ;  that  wliich  was  used  by  Dr.  Moffat  (ordinary  writing 
paper)  is  very  impure. 

Bequiring  pare  starch,  and  uncertain  what  starch  would 
be  the  best,  I  set  about  manufacturing  it  myself,  without 
the  usual  aid  of  chemicals.  The  substances  used  were  wheat, 
rice,  sago,  potato,  arrowroot,  crocus,  snowdrop,  tulip,  narcissus, 
arum,  etc.;  these  were  reduced  to  powder,  steeped  in  distilled 
water,  which  was  constantly  changed,  until  the  pure  starch 
alone  remained,  the  result  being  perfectly  satisfactory ;  a  starch 
was  produced  from  all  the  above  substances,  which,  for  white- 
ness and  purity,  could  not  be  surpassed.  Chemically-pure 
iodide  of  potassium  was  procured,  through  Mr.  James  Glaisher^ 
from  Mr.  Squire,  of  Oxford  Street,  made  expressly  for  theso 
experiments ;  one  portion  prepared  with  water,  and  another 
crystallized  several  times  from  alcohol. 

At  the  recommendation  of  Dr.  B.  D.  Thomson,  15  grains  of 
prepared  chalk  were  added  to  every  ounce  of  air-dried  starch, 
to  prevent  sourness.  This,  unfortunately,  has  the  effect  of 
diminishing  the  sensitiveness  of  the  tests,  yet  appears  requisite 
for  uniformity  of  effect,  as  the  intensity  of  action  depends  much 
upon  the  amount  of  water  contained  in  the  starch.  The  follow- 
ing experiment  will  make  this  apparent : — A  test  made  with 
air-dried  starch  showed  the  presence  of  ozone  with  5  minutes' 
exposure.  Further  drying  by  fire-heat  for  one  minute  retarded 
it  to  7  minutes ;  10  minutes'  drying  by  fire-heat  retarded  it  to 
13  minutes ;  30  minutes'  drying  by  fire-heat  caused  the  presence 
of  ozone  not  to  be  seen,  with  less  than  20  minutes'  exposure ; 
whilst  the  same  powders  merely  air-dried,  yet  having  the  addi- 
tion of  15  grains  of  chalk  to  each  ounce  of  starch,  also  occupied 
a  20  minutes'  exposure  before  ozone  could  be  detected. 

With  regard  to  the  material  used  for  tests,  either  chemU 
cally-pure  calico  or  chemically -pure  paper  answered  well ;  but 
ordinary  writing-paper,  or  any  other  impure  material,  coloured 
in  course  of  time.  Some  papers  would  be  stained  and  useless 
in  twelve  hours. 

We  have  said  that  the  method  of  ascertaining  the  amount 
of  ozone  was  by  means  of  test-slips ;  but,  in  order  to  ascertain 
if  something  more  sensitive  might  not  be  substituted,  I  tried 
as  a  first  experiment  a  mixture  of  10  parts  of  starch  to  1  of 
iodide  of  potassium,  carefully  mixed  together  as  a  dry  powder 
test;  a  small  portion  of  this  mixture  was  placed  in  a  pill- box  in 
the  open  air,  and  in  the  short  space  of  ten  minutes'  exposure 
it  was  shown  that  dry  powder  tests  were  an  undoubted  success, 
colouring  well,  and  much  more  rapidly  than  the  test-slips. 

The  next  determination  was  with  regard  to  a  proper  for- 
mula— Schonbein  using  one  of  10  parts  starch  to  1  of  iodide  of 
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potassinin^  and  Moffat  another  of  2^  starcli  to  1  of  iodide  of 
potassium.  No  satisfactory  reason  was  given  why  Moffitt  nsed 
80  different  a  formnla  to  Schonbein.  It  occnrred  to  me  that^  if 
a  number  of  different  strengths  were  prepared  fix)in  equal 
portions  of  each  up  to  80  p^  of  starch  to  1  of  iodide  of 
potassium^  that  if  one  of  these  strengths  was  coloured  sooner 
than  another  this  should  be  the  proper  formula  to  adopt. 

Having  mixed  a  number  of  powders  of  different  strengths 
with  wheat  starch,  and  exposed  them  to  the  air,  a  very  snort 
exposure  showed  that  1  part  of  iodide  of  potassium  to  5  of 
starch  was  soonest  coloured,  and  gradually  darkened  beyond 
all  other  strengths ;  and  many  repetitions  of  these  experiments 
always  gave  the  same  results.  The  degree  of  darkness  di- 
minished in  either  direction  when  other  strengths  were  used— 
thus,  even  1  of  iodide  of  potassium  to  4 J  of  starch,  or  1  to 
"5i,  were  neither  so  dark  as  with  a  strength  of  1  to  5.  It 
became,  therefore,  evident  that  these  were  the  proper  propor- 
tions to  be  used  with  wheat  starch ;  or,  at  all  events,  with  per- 
fectly pare  wheat  starch,  such  as  I  had  experimented  upon. 
On  repeating  these  experiments  with  potato  starch,  the  propor- 
tion which  coloured  soonest  was  1  to  2^  of  starch,  showing  that 
the  formula  must  be  based  on  actual  experiment,  and  that  a 
43pecial  formula  is  requisite  for  each  vegetable  starch.  It  next 
became  a  question  as  to  what  starch  would  be  most  sensitive  ; 
and,  to  arrive  at  this,  experiments  were  tried  with  tulips,  crocns, 
narcissus,  snowdrop,  arum,  etc.;  and  veiy  fine  starch  was  manu- 
factured from  the  bulbs  of  all  these  plants.  Investigations^ 
which  I  am  at  the  present  moment  engaged  in,  wiQ  soon  show 
what  starch  will  be  the  best  to  adopt. 

Further  experiments  were  tried,  with  the  view  of  determining 
the  effect  of  various  acids,  etc.,  on  the  ozone  tests ;  and  in  order 
to  ascertain  this  conclusively,  two  small  cups  were  placed  under 
a  bell-glass — one  containing  an  acid  or  other  substance,  and 
the  other  an  ozone  test  powder.  From  these  it  was  found  that 
hydrochloric  acid,  nitric  acid,  nitrous  acid,  chloride  of  lime, 
phosphorus,  iodine  in  scales,  iodine  dissolved  in  alcohol,  carbo- 
nate of  lime,  and  carbonate  of  iron,  on  which  an  acid  had  been 
poured,  all  coloured  the  tests,  and  some  most  rapidly.  These 
experiments  also  showed  that  a  new  method  of  investigating 
ozone  had  become  apparent;  it  was  found  that  a  different 
colour  was  imparted  to  the  powder,  and  that  the  powder  pene- 
trated more  or  less  deeply,  according  to  what  coloured  the  test ; 
differences  of  effect  took  place,  by  which  the  different  materials 
used  might  be  recognized.  Iodine,  although  it  coloured  to  a 
broum-hldck,  was  merely  a  surface  colouring,  below  which  the 
powder  was  colourless ;  Phosphorus,  a  bluishMacky  on  the  sur- 
face only ;  Chlobids  op  Like,  deep  broumj  on  the  surface  only 
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below  which  the  powder  was  slightly  yellow ;  Htdboohloric 
AciD^  grey  pink,  on  the  surface  only^  the  powder  beneath  orange; 
NiTEic  Acid,  da/rkred-brown,  extending  slightly  into  the  powder, 
beneath  colourless ;  Carbonate  of  Iron  with  Glacial  Acbtic 
Acid,  yeHotoish-brown,  penetrating  to  the  thickness  of  card« 
board,  below  which  bnff ;  LDCESTOinB  with  Sulphuric  Acn>,  pale- 
hrown  to  the  thickness  of  cardboard,  beneath  which  slightly 
coloured ;  Carbokatb  of  Iron  with  Sulphuric  Acin,  bl<ick  to  the 
depth  of  a  quarter  of  an  inch;  Nitrous  Acid,  dark  brown  more 
than  an  eighth  of  an  inch  deep,  beneath  which  yellowish-brown. 
These  differences  are  so  striking  that  important  results  must 
follow  their  investigation. 

The  action  of  ozone  on  the  powders  is  somewhat  analogous 
to  that  produced  by  nitric  acid ;  yet  dilute  nitric  acid,  when 
increased  to  ten  times  the  strengih  which  the  French  philoso- 
phers declare  is  the  proportion  present  in  the  air,  is  far  too 
weak  to  produce  any  colour  on  the  tests. 

There  are  marked  advantages  in  the  powder  tests  over  the 
ordinary  test-slips ;  th^  are  more  sensitive  and  more  rapidly 
acted  upon,  and  they  refcain  their  maximum  colour,  not  fading 
afterwards,  as  is  the  case  with  the  test-slips  of  Schonbein  and 
Mofbt.  For  one  of  Mr.  Glaisher's  scientific  balloon  ascents  I 
prepared  some  doubly-sensitive  powder  tests,  which  showed  the 

I)reBence  of  ozone  in  the  short  space  of  four  minutes  afber 
eaving  the  earth,  whilst  the  test-slips  remained  for  nearly  an 
hour  uncoloured. 

A  careful  consideration  of  several  thousand  experiments 
inclines  me  to  the  belief  that  ozone  is  always  present  in  the  air, 
as  on  no  occasion  has  my  sensitive  dry  powder  test  failed  to 
show  traces  of  it,  even  at  a  time  when  the  ordioary  test-slips 
have  remained  for  days  uncoloured. 

Mr.  Burder,  of  Gtifton,  near  Bristol,  has  drawn  attention  to 
the  fact  that  ozone  is  never  present  in  a  room  even  with  the 
window  open.  Last  autumn  I  carried  on  a  series  of  experi- 
ments, from  which  the  same  fact  was  arrived  at,  so  far  as 
regards  the  ordinary  test-slips,  and  this  is  because  the  air  is 
more  or  less  stagnant  in  doors;  were  these  test-slips  to  be 
exposed  out  of  doors  whilst  the  air  was  calm  or  stagnant,  they 
would  not  exhibit  any  signs  of  ozone.  However,  my  delicate 
powder  tests  became  faintly  coloured  not  only  with  the 
window  open,  but  in  an  apartment  with  a  closed  window.  The 
current  produced  by  a  fire  conveyed  sufiicient  ozonized  air 
across  the  test-powder  to  show  the  presence  of  a  small  quantity 
of  ozone* 

On  the  completion  of  a  second  series  of  experiments,  we 
will  return  to  the  subject. 
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BY  WILLIAM  C.   BITRDEB^    F.B.A.S. 

It  is  perhaps  more  important  in  regard  to  astronomical  in- 
struments than  to  most  others,  that  there  should  be  in  the 
minds  of  those  who  use  them  distinct  ideas  of  the  objects  in 
view  in  their  construction,  and  their  capabilities  and  limits  as 
to  usefulness. 

Without  such  ideas,  amateurs  are  very  apt  to  make  a  false 
start,  and  to  find  themselves,  consequently,  obhged  to  return  to 
their  starting  point,  disappointed,  both  with  their  own  work, 
and  with  the  instruments  which  they  have  been  attempting  to 
us^.     Perhaps  no  instrument  stands  in  need  of  this  prefatory 
remark  more  than  the  Equatoreal,  a  name  which  probably 
conveys  to  the  mind  of  the  beginner  an  impi*ession,  in  most 
cases,  of  a  veiy  different  instrument  from  the  one  which  his 
subsequent  experience  discovers  it  to  be.     To  the  professional 
astronomer  who  possesses  a  good  steady  working  equatoreal, 
and  who  has  no  leisure  for  astronomical  recreation,  as  such,  it 
is  easy  to  imagine  that  the  term  "  portable,'^  applied  to  equa- 
toreals  is  by  no  means  suggestive   of  pleasing  associations. 
The  very  great  difficulty  experienced  in  constnicting  the  larger 
sort  of  instruments,  so  as  to  combine  great  steadiness  with  a 
perfectly  easy  motion — qualities  absolutely  essential  to  their 
good  performance — and  the  variety  of  causes  which  have  a 
tendency  to  introduce  sources  of  error  in  the  working  of  the 
equatoreal,  are  reasons  why  the  thoughts  of  the  professional 
astronomer  in  reference  to  these  instruments  are  likely  to  be 
veiy  different  from  those  of  the  amateur  whose  aim  is  astro- 
nomical amusement  and  instruction,  rather  than  the  advance- 
ment of  the  science,  even  in  a  feeble  manner.     The  possessor 
of  the  portable  equatoreal  must  consider  himself  happy  if  he 
finds  his  instrument  a  means  of  using  an  ordinary  telescope  to 
much  greater  advantage  than  would  be  possible  without  its  aid. 
That  he  may  do  this  there  is  not  the  slightest  doubt.     Indeed 
it  is  not  too  much  to  say  that  a  simple  equatoreal  mounting  for 
an  ordinary  pocket  telescope  multipUes  its  usefulness  fourfold, 
or  perhaps   much  more.      We  may  take  it  for  granted  that 
the  readers  of  the  many  interesting  astronomical  papers  which 
have  appeared  in  the  Intellbctual  Observbb,   do  not  most 
of  them  require  that  many  remarks  should  be  made  on  the 
general  principles  of  equatoreals;    still,  as  there   are  always 
new  readers  to  every  article,  the  former  class  will,  it  is  hoped, 
forgive  the  writer  if  he  goes  somewhat  over  old  ground  in  a 
few  preliminary  remarks,  in  order  to  make  the   description 
more  complete  to  the  latter  class. 
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The  eqnatoreal,  then,  is  a  telescope  mounted  in  such  a 
manner  as  to  enable  the  observer  to  follow  the  diurnal  motion 
of  a  celestial  object  by  one  uniform  movement  round  an  axis. 
This  axis  produced  would  necessarily  touch,  so  to  speak,  the 
heavens  at  the  pole,  the  altitude  of  which  equals  the  latitude  of 
the  place.  Any  method  by  which  the  observer  can  readily 
place  this  axis  in  such  a  position  as  to  point  to  the  pole  in  the 
heavens  will  place  his  instrument  in  adjustment  and  ready 
therefore  for  use ;  but  in  practice  this  is  not  so  easy  a  matter 
as  it  might  at  first  sight  appear  to  be.  In  order  that  the 
telescope  shall  be  correctly  pointed  to  an  object,  the  declination 
or  north  polar  distance  of  the  object  must  be  known,  and  the 
index  set  to  the  proper  division.  The  movement  on  the  axis 
referred  to  will  then  be  sufficient  to  ensure  the  telescope's 
following  that  object  by  the  axial  motion  already  referred  to 
without  again  touching  the  motion  for  declination.  A  little 
consideration  will  show  such  matters  very  clearly.  This  di- 
urnal axial  motion  is  performed  by  a  clock  in  the  larger  equa- 
toreals,  so  that  the  declination  circle  being  once  set,  the  object 
remains  in  the  field  of  view  as  long  as  it  is  above  the  horizon, 
without  any  further  help  from  the  observer.  Of  course  this  is 
on  the  assumption  that  the  declination  of  the  object  in  question 
does  not  itself  change  during  the  interval.  The  clockwork  move- 
ment is  a  luxury  which  the  possessor  of  the  portable  eqna- 
toreal must  not  hope  to  realize.  He  must  be  satisfied  to  move 
his  instrument  by  hand,  but  when  once  he  has  carefully  set  the 
declination-circle  he  will  find  the  following  of  the  object  by 
the  one  motion  only,  even  by  hand,  a  very  great  advantage 
compared  with  the  '^fishing''  kind  of  use  of  the  telescope 
which  is  necessary  in  other  cases. 

Several  years  ago  the  writer  amused  himself  by  trying  to 
find  out  the  simplest  kind  of  construction  capable  of  converting 
an  ordinary  pocket  telescope  into  a  portable  eqnatoreal.  The 
result  is  described  in  Recreative  Sdcnee.  The  two  movements 
used  in  the  construction  of  that  very  useful  little  thing, 
a  brass  "  clip,''  with  an  iron  screw  at  its  base  to  enable  the 
observer  to  secure  his  telescope  to  a  post,  tree,window-S€ksh,etc., 
with  perfect  steadiness,  being  the  same  in  principle  as  those  of  the 
large  equatoreals,  suggested  the  using  of  such  clip  equatoreally. 
To  do  this  it  was  necessary  to  graduate  the  two  little  circles 
where  the  motion  is  visible.  There  was  some  difficulty  in  this^ 
but  the  labour  was  well  bestowed,  and  the  result  was  perfectly 
satisfactory.  Thirteen  years'  occasional  use  of  the  instrument 
has  quite  proved  this.  It  never  fails  in  enabling  the. observer 
to  find  an  object  in  the  field  of  view  by  day  or  night.  But  it 
is  in  the  daytime  when  the  little  instrument  desires  to  display 
its  powers  most,  when  an  object  is  found  by  it  which  could  not 
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be  found  hj  the  fiBbing  process,  and  fonnd  at  once  by  the 
setting  of  the  circles,  without  touching  the  eye-piece  end  of 
the  telescope. 

Perhaps  it  may  not  be  uninteresting  to  give  an  account  of 
the  performance  of  the  writer's  portable  instrument  on  one 
particular  occasion,  when  all  drcumstances  ccnnbined  to  display 
it  to  the  best  advantage.  The  writer  was  desirous  of  proving 
the  capabilities  of  the  Portable  Eqnatoreal  in  the  presence  of 
an  astronomical  authoress,  well-known  to  the  readers  of  tiie 
Iktellbctual  Obssryeb— one  whose  works  prove  her  to  be  pecu- 
liarly well  qualified  to  appreciate  any  instrument  calculated  to 
illustrate  the  recreative  character  of  the  science.  An  opportunity 
occurring  for  showing  the  working  of  the  instrument  to  sevend 
persons,  among  whom  was  the  Hon.  Mrs.  Ward,  one  magnificent 
morning  in  July,  1859,  the  telescope  and  cUp  were  placed  in  a 
small  carpet  bag,  and  a  ticket  was  taken,  via  Midland  Bailway^ 
to  a  delightful  rural  spot  in  Gloucestershire.  The  place  being 
quite  new  to  the  writer,  and  the  latitude  and  longitude  difiering 
from  what  had  been  adopted  for  tiiie  adjustment  of  the  instru« 
ment  at  Clifton,  so  as  entirely  to  throw  out  of  the  field  of  view 
any  object  sought  without  taking  this  difierence  into  account— 
and  there  being  no  land  mark  previously  determined  for  a  south 
point,  etc.,  made  the  occasion  a  good  test  of  the  capabilities  of 
the  instroment,  and  one  which  all  present  appreciated.  The 
first  step  was  to  obtain  a  south  mark.  For  this  purpose,  the 
sun,  a  watch,  and  the  hour-circle  of  the  clip  placed  horizontally, 
furnished  the  necessary  materials.  Making  the  requisite  c^- 
culat^n  for  longitude,  and  taking  an  azimuth  from  the  sun-^ 
previously  calculated  for  several  intervals  from  noon  in  case  of 
need — I  obtained  a  mark.  A  stick  placed  in  the  ground 
answered  the  purpose.  The  eqnatoreal  was  placed  on  a  table  on 
the  lawn.  One  word  by  way  of  explanation  of  the  azimuth, 
for  the  beginner.  The  time  being  known,  the  distance  in 
degrees  from  the  south,  of  a  point  in  the  horizon  which  is  cut 
by  a  plumb-line  held  so  as  to  bisect  the  sun,  becomes  known, 
and  thus  the  south  point  is  obtained  by  calculation.  It  is  to  be 
remembered  that  all  this  is  for  placing  the  instrument  in  a  state 
of  adjustment  so  that  the  axis  may  point  to  the  pole  as  pre- 
viously stated. 

On  the  occasion  referred  to,  the  problem  given  was  to  find 
Venus  in  broad  daylight,  by  means  of  the  graduated  little 
circles  before  mentioned.  I  now  look  at  my  watch,  and  having 
previously  calculated  how  many  degrees  fi^m  her  meridian 
passage  Venus  will  be  by  the  time  tiiat  I  have  completed  my 
adjustments,  I  set  the  telescope  to  the  proper  declination  and 
distance  from  south  corresponding  to  such  interval  from  her  me- 
ridian passage,  and  predict  that  at  such  and  such  a  minute  she 
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will  be  in  the  field  of  view.  On  this  occasion  I  might  have  been 
forgiven  if  a  blander  had  taken  place,  as  it  is  mach  more  diffi- 
cult to  avoid  such  awkward  result  when  any  effort  is  made 
to  sustain  a  conversation  and  calculate  at  the  same  time ;  but 
luck  favoured  me,  and  having  set  the  instrument,  I  had  the 
pleasure  of  requesting  that  the  authoress  to  whom  I  have 
referred  should  look  through  the  telescope  afc  once  before  I 
had  done  so,  so  as  to  make  the  performance  of  the  equatoreal 
the  more  satisfactory.  And  there  was  the  planet  sure  enough, 
and,  as  luck  would  nave  it,  very  near  the  centre  of  the  field. 
I  say  luck  as  to  this,  because  the  instrument  does  not  profess 
to  do  so  much,  although  I  may  say  that  if  care  be  taken  in  the 
adjustments,  the  object  is  always  nearer  to  the  centre  than  to 
the  edges  of  the  field.  I  can  assure  the  reader  that  on  this  fine 
summer's  day  so  successful  an  exhibition  of  the  instrument 
under  such  agreeable  circumstances  was  a  real  treat  to  me ; 
and  I  have  no  doubt  that  any  enthusiastic  amateur  who  may 
happen  to  read  this  account  will  be  able  to  imagine  the  satis- 
faction I  felt.  As  a  still  more  severe  test  of  the  instrument, 
but  one  which  I  did  not*  quite  like  to  risk  first,  I  afterwards 
found  Arcturus  in  the  same  manner.  As  the  power  used 
was  only  20,  and  the  diameter  of  the  object-glass  1^  inch 
only,  there  was  a  risk  of  not  seeing  stars,  which,  of  course, 
even  first  magnitudes,  are  extremely  faint  in  broad  daylight. 
But  if  Venus  be  not  found,  it  may  always  be  taken  for 
granted  that  she  is  not  in  the  field  of  view,  unless,  indeed 
she  is  very  near  the  sun,  or  the  sky  is  at  all  hazy.  Under  a 
clear  atmosphere  Jupiter  can  easily  be  seen  also  in  broad 
daylight,  and  Saturn  when  the  daylight  has  only  very  slightly 
declined. 

I  have  probably  said  enough  to  show  that  the  portable 
equatoreal  is  an  instrument  of  a  most  recreative  kind.  But 
it  is  more.  It  is  really  very  useful.  By  means  of  it,  for 
iinstance,  a  comet  whose  R  a.  and  k.  p.  d.  are  known  may  be 
found  very  much  earlier  than  with  an  ordinary  telescope.  The 
instrument  being  set  to  a  certain  position,  a  comet  may  be  seen 
in  strong  twilight,  when  the  chances  would  be  greatly  against 
finding  it  by  an  instrument  not  graduated.  At  first  view,  it 
may  strike  some  readers  as  a  very  rough  kind  of  thing  not  to 
have  circles  graduated  so  as  to  be  certain  to  a  quarter  of  a 
degree ;  but  two  considerations  will  enable  the  reader  to  view 
this  in  a  very  different  light.  The  first  is,  that  the  circles  gra- 
duated are  less  than  one  inch  in  diameter  and  divided  by  hand 
(of  course  this  would  be  better  done  by  machine) ;  and 
the  second  is,  that  the  resultant  error  may  be  the  nccumu- 
lotion  of  several  errors  in  adjusting  the  instrument,  all  which 
adjustments  are  necessarily  rough.  1  will  here  remark,  in  answer 
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to  objections  ou  the  ground  of  the  smallness  of  the  circles^  that 
any  increase  in  the  diameter  of  these  circles  destroys  to  that 
extent  the  compactness  and  portability  of  the  "  clip^';  in  fact, 
the  great  end  in  view^  that  of  making  the  portable  little  piece 
of  mechanism  which  goes  by  that  name,  answer  many  really 
usefnl  purposes,  besides  those  originally  contemplated  in  its 
construction — at  the  same  time  without  interfering  with  its 
own  original  capabilities — would  not  be  attained  if  the  diameter 
of  the  circles  were  materially  increased. 

I  will  finish  my  description  by  noticing  another  advantage 
of  the  instrument — ^that  of  an  unattached  day-finder  for  a  larger 
instrument.  When  once  the  object,  such  as  Venus  or  Jupiter, 
is  in  the  field  of  the  small  equatoreal,  a  large  instrument  may 
be  directed  to  such  object  with  great  ease.  My  plan  is  as 
follows: — Make  the  outside  edges  of  the  two  telescopes 
sensibly  parallel,  by  eye,  and,  by  means  of  an  instrument  con* 
sisting  of  a  level  and  graduated  arc,  make  the  inclination  of 
both  to  the  horizon  the  same.  After  a  few  seconds  employed 
in  doing  this,  the  object  will  be  found  in  the  larger  instrument. 
Some  years  ago  I  found  this  plan  most  convenient  in  directing 
a  large  reflector,  12  inches  diameter,  to  Yenus,  Jupiter,  and 
Saturn,  when  it  would  have  been  hopeless  to  attempt  to  find 
them  by  ordinary  means.* 
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SWITZERLAND. 

BY   HENEY   WOODWARD,    F.Z.S. 
(With  a  Tinted  JPkUe,) 

The  evidence  of  the  high  antiquity  of  man  has  long  occupied 
the  earnest  attention  of  scientific  men,  and  has  of  late  attracted 
the  notice  of  educated  people  generally. 

The  reason  for  this  will  be  found  in  the  number  and  im- 
portance of  the  discoveries  made  of  late  years  in  localities  as 
widely  separated  as  Ireland  and  Switzerland,  France  and  Den- 
mark, England  and  Belgium. 

These  discoveries  include : — 

I.  Oval  and  spear-shaped  flint  implements  of  a  rude  but 
uniform  type,  occurring  in  "  drift-gravels''  in  the  valleys  of  the 
Seine  and  Somme,  in  France ;  the  Ouse  and  the  Waveney,  in 
England,  etc.,  etc.,  associated  with  the  remains  of  extinct 
species  of  elephants  and  other  pachyderms,  etc. 

n.  Human  remains  and  implements,  with  horns,  bones,  and 

*  Home  and  ^ThorDthwaite's  "  Star  Finder^  is  an  elegant  instrnment  for  this 
purpose.— £p. 
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teeth  of  extinct  animals,  in  cayems  near  Torqoay,  Devonsliire ; 
Lieg^,  Belgium ;  and  many  locaUties  in  France  and  Germany. 

III.  Shell-mounds,  or  *'  kitchen-refuse  heaps^'  (Kjokken- 
modding),  containing  flint  implements  and  other  reUques, 
and  bones  of  various  animals,  birds,  and  fish,  found  almost 
everywhere  along  the  Danish  coast. 

lY.  Works  of  art,  of  three  distinct  epochs,  in  the  Danish 
peat-mosses. 

y.  Artificial  islands  {Crannoges),  with  abundance  of  animal 
remains,  and  works  of  art  from  the  Irish  lakes  and  peat  bogs. 

VI.  "  Pile-works"  {Pfahlhauten)  of  the  Swiss  lakes. 

The  last-mentioned  of  these  discoveries  is  so  interesting, 
that  I  purpose  to  give  a  brief  risuTni  of  the  facts  and  results 
for  the  information  of  those  who  may  not  have  read  the  various 
details,  published  elsewhere.* 

The  objects  figured  in  the  engravingf  are  (with  one  excep- 
tion) exhibited  in  the  British  room  of  the  British  Museum, 
and  are  selected  from  the  small  but  choice  collection  obtained 
in  part  through  the  kind  exertions  of  the  Honourable  Admiral 
Harris,  H.B.M.  Minister  at  Berne,  and  in  part  presented  by 
Colonel  Schwab,  of  Bienne. 

I  shall  refer  to  them  in  the  course  of  my  narrative,  and 
give  a  list  of  objects  at  the  end.  The  collection  represents  no 
fewer  than  twelve  locaUties,  and  seven  different  lakes. 

The  Swiss  fishermen  and  boatmen  had  frequently  observed, 
during  calm  weather,  what  appeared  to  them  to  be  the  clus- 
tering collections  of  erect  stems  of  trees,  from  ten  to  twenty 
feet  beneath  the  surface,  in  the  clear  waters  of  the  lakes,  which 
were  supposed  to  be   remains  of  submerged  forests.     They 

*  The  writer  bees  to  expren  bis  thanks  to  bis  friend,  Mr.  John  Eyans,  F.S.A., 
F.G.S.,  etc.,  and  to  his  colleague^  Mr.  A.  W.  Franks,  F.S.A.,  etc.,  of  the  Depart- 
ment of  Antiquities,  who  have  kindly  assisted  him  with  yaluable  information- 
suggestions,  and  ad?ice.  Those  who  desire  a  more  full  account  are  referred 
to  the  following  works,  to  which  the  writer  begs  to  acknowledge  himself  indebted 
for  much  information  and  most  of  his  facts : — 

"The  Ulster  Jourpal  of  Archssology/'  1869>  Belfast,  yol.  riL,  Ko.  27,  pp. 
179—194.  [A  translation  of  a  paper  bj  M.  IVed.  Trojon,  on  Swiss  Lake  Dwell- 
inffs,  and  an  Account  of  Irish  Crannoges.]  "  Archsologia,"  London,  1860, 
yol.  zxxyiii.,  p.  177  :  W.  M.  Wjlie,  M.A.,  on  Lake  Dwellings  of  the  Early  Periods. 
'^  Natural  History  Beyiew,"  1862,  yol.  ii. :  J.  Lubbock  on  the  Ancient  Swiss  Lake 
Dwellings,  etc.  Ljell,  **  Antiquity  of  Man,"  London,  Noy.  1863.  Troyon,  Fred., 
'*  Habitations  Laoustres,"  Lausanne,  1860,  8yo.  Keller,  Dr.  Fred.  *'  Die  Pfahl- 
hauten/' in  MittheUungen  Der  Antiq.  Qesellsohaft,  Zurich,  Bd.  zii.,  I8&89 
and  B,  xiii.,  1860.  Bfltimeyer,  Dr.  L.  '*  XJntersuchung  der  Thierreste  aus  den 
Pfahlbaoten  der  Scbweiz,"  in  ditto^  Bd.  ziii.,  1860.  Keller,  Dr.  F.,  '*Keltisohen 
Pfahlbauten  in  den  Sohweizerseen,"  Zurich,  1854.  Herodotus,  lib.  y.,  cap.  16. 
'*  Illustrated  Oatalogue  of  the  Museum  of  Boyal  Irish  Academy,  Dublin,"  by  Mr. 
W.  B.  Wilde,  M.K.I.A.,  on  **  Crannoges. **  M.  Morlot,  ^  Le^on  d*Ouyerture 
d'un  cours  sur  la  haute  ioitiquitd  fait  a  TAoad^mie  de  Lausanne.'* 

t  The  original  drawing  was  most  carefully  prepared  from  the  speoimensi  by 
my  fnend,  Mr.  J.  Dmkel,  of  Oakley  Square. 
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were  noticed  to  run  in  a  parallel  direction  with  the  shore^  and 
about  100  yards  distant  from  it;  bat  no  investigation  of 
their  tme  nature  was  made  until  1853. 

In  consequence  of  the  dryness  of  the  winter  of  1853-4^  the 
Swiss  lakes  and  rivers  sank  lower  than  had  ever  been  pre- 
viously known;  and  the  inhabitants  of  Meilen^  on  the  Lake  of 
Zurich^  availed  themselves  of  the  opportuuity  to  recover  a  piece 
of  ground  from  the  lake^  by  raising  its  level  with  mud  taken 
from  the  neighbouring  shallows.  Whilst  excavating,  they  dis- 
covered  a  number  of  wooden  piles,  deeply  driven  into  the  bed 
of  the  lake,  formed  of  the  stems  of  oaks,  beech,  birch,  and  fir 
trees.  The  mud  among  these  piles  contained  a  great  mass  of 
reUques,  consisting  of  numerous  bones  of  animals,  all  of  which 
had  been  cut,  broken,  or  gnawed,  and  the  marrow  extracted  ; 
hammers,  com-croshers,  a  great  variety  of  axes  and  oeltB,  of 
various  kinds  of  stone,  many  of  which  were  fitted  into  hafts  of 
stag's-hom.  Flint  implements  were  also  numerous,  which  is 
the  more  remarkable,  as  flint  is  rarely  found  in  that  country. 
Large  slabs  of  stone,  which  had  been  used  as  hearth-stones, 
were  also  noticed.  One  amber  bead  was  found,  which,  it  is 
supposed,  must  have  been  brought  from  the  shores  of  the 
Bcdtic.  One  or  two  hatchets  and  wedges  of  jade  have  also 
been  met  with,  the  material  for  which,  it  has  been  asserted, 
could  only  have  been  x>btained  from  the  East.  Bat  it  seems 
much  more  probable  that  both  these  substances  were  occa- 
sionally, although  very  rarely,  found  in  Switzerland  or  the 
south  of  France,  rather  than  (as  has  been  proposed  by  some 
archsBologists)  to  suggest  that  this  ancient  race  trafiicked  with 
northern  and  eastern  tribes  to  obtain  axes  of  jade  or  ornaments 
of  amber.  Pottery  occurred  in  abundance,  but  always  in  a  very 
firagmentary  state.  It  was  hand-made,  and  of  a  rude  and 
coarse  description.  Masses  of  charred  wood,  apparently  parts 
of  the  platform  of  the  building,  were  abundant.  Indeed,  it  was 
evident  that  not  only  this  settlement,  but  the  great  majority  of 
those  subsequently  found,  perished  by  fire.  Since  the  first 
discovery  of  pile-works  at  Meilen,  the  Swiss  archssologists  have 
displayed  untiring  industry  in  exploring  fresh  localities,  and 
not  only  in  lakes  Constance,  Geneva,  NeuchA^tel,  Bienne,* 
Zurich,  Morat,  Sempach,  but  also  in  the  smaller  lakes  of 
Inkwijl,  Pfeffikon,  Moosseedorf,  and  Luissel,  similar  lake- 
dwellings  have  been  discovered- 

The  earliest  pile-works,  those  belonging  to  the  Stone  age, 
present  a  very  rude  appearance,  the  stakes  having  been  sharp- 
ened by  stone  hatchets,  assisted  by  fire.     Fire  was,  no  doubt^ 

*  Eleyen  settlements  hare  been  foand  on  the  Lake  of  Bienne,  twenty-six  on 
the  Lakeof  Neuchlltely  twenty-four  on  the  Lake  of  Geneva,  and  sixteen  on  the 
Lake  of  Constance. 
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also  used  to  asBist  in  cutting  down  the  trees  in  the  first  in- 
stance^  and  the  timber  has  all  been  spUt  by  means  of  wedges. 

After  the  necessary  rows  of  piles  had  been  driiren^  ^ese 
were  strengthened  by  cross-beams^  which  supported  the  wooden 
platform  upon  which  the  huts  were  constructed.  These  cabins 
were  mostly  circular  in  form.  A  sing^ular  evidence  of  this  is 
derived  from  the  discovery  of  curved  pieces  of  clay^  with  which 
the  interior  had  been  plastered. 

Their  preservation  is  due  to  the  hardening  action  of  the 
fires  within  the  hut^  and  also  to  the  ultimate  destruction  of 
the  settlement  by  a  conflagration.  These  pieces  of  burnt  clay 
also  bear  the  impression  of  interlaced  twigs  upon  their  outer 
surface^  thus  indicating  that  the  walls  were  constructed  of 
"  wattle''  lined  with  clay. 

Portions^  apparently^  of  the  thatched  roofs  are  also  not 
uncommon.  In  Prof.  Keller's  restorations  both  round  and 
square  huts  are  represented^  similar  forms  of  cabins  being  in 
use  among  the  papoos  of  New  Guinea  at  the  present  day.* 

Some  of  these  pile-works  were  of  very  considerable  extent. 
For  example^  the  settlement  at  Merges^  on  the  Lake  of  G^nevay 
was  1200  feet  long  and  150  broad,  thus  giving  a  surface  of 
1 80,000  square  feet.  At Wangen  alone,  on  the  Lake  of  Constance, 
M.  Lohle  has  estimated  that  40,000  piles  were  employed,  pro- 
bably representing  the  labours  of  several  generations.  M. 
Troyon  and  others  have  made  several  calculations,  with  a  view 
to  ascertain  the  probable  population  of  these  villages.  Thus 
estimating  the  cabins  at  fifteen  feet  iu  diameter,t  and  allowing 
half  the  area  of  the  platform  for  gangways  between  the  dwell* 
ings,  it  would  give  for  Merges  311  cabins,  which,  at  four  per- 
sons for  each  cabin,  would  give  a  population  for  the  settlement 
of  1244 :  whilst  for  the  settlements  upon  the  Lake  of  Neuch&tel 
it  would  give  a  population  of  about  5000. 

These  lake  dwellings  are  most  admirably  separated  chrono- 
logically by  the  remains  of  works  of  art  included  in  the  mud 
around  the  pile-works. 

The  earhest  undoubtedly  belong  to  the  Stone  age  (as  it  has 
been  named),  when  metals  of  any  kind  were  whoUy  unknown, 
all  the  weapons  found  being  made  either  of  stone  or  of  the 
bones  and  horns  of  animals.  To  this  epoch  belong  Wauwyl 
and  Bobenhausen,  on  Lake  Pfeffikon,  Wangen,  on  Lake  Con- 
stance, and  the  settlement  of  Moosseedorf . 

•  Bumont  d'TJrville, "  Toyage  de  1' Astrolabe."    Pari*,  1833.    Tome  IV.,  p.  607. 

t  Here  atfoin  the  pieces  of  burnt  clay  hare  done  good  service,     f  \ 

for  the  smalMft  segment^,  if  only  sufficient  to  indicate  the  corre,     ( — I5.FX— H 
will  giro  the  sise  of  the  circle  with  certainty.  ^  \  J 
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The  next  series  represent  the  age  of  Bronze.  Here  orna- 
ments and  weapons^  often  of  high  artistic  merits  are  fonnd^and  the 
other  remains  indicate  the  knowledge  of  usefid  arts^  as  spinning, 
and  the  manufacture  of  a  higher  class  of  probably  wheel-turned 
pottery.  This  era  is  represented  by  the  settlements  of  Meilen, 
Bienne,  Concise,*  and  many  others.  Lastly,  at  Auvemier,  in 
the  Lake  of  Neuch^tel,  and  at  the  Steinberg,  in  the  Lake  of 
Bienne,  a  few  weapons  of  iron  have  even  been  met  with. 

The  distance  from  the  shore  at  which  the  piles  were  driven 
appears  to  have  been  regulated  by  the  nature  of  the  bottom 
of  the  lake  and  the  depth  of  the  water.  Some  few  could  evi- 
dently have  been  reached  only  by  a  boat ;  but  most  of  them 
appear  to  have  been  connected  with  the  land  by  means  of  a 
narrow  gangway  supported  on  piles,  a  portion  at  least  of  which 
could  be  readily  removed,  so  as  to  insure  security  from  the 
attacks  of  bears  or  wolves  during  the  night,  or  as  a  means  of 
defending  themselves  against  the  hostile  raids  of  neighbouring 
and  more  powerftd  races. 

Many  canoes  have  been  discovered,  associated  with  the 
Swiss  pile-works,  each  made  of  a  single  tree,  and  measuring 
forty  to  fifty  feet  in  length,  and  three  to  four  feet  in  width,  the 
interior  hollowed  out  by  stone  hatchets,  aided  by  fires.  Similar 
canoes  are  still  used,  both  upon  the  rivers  of  Western  Africa 
and  North  and  South  America ;  and  one  of  my  German  friends 
tells  me  he  has  frequently  crossed  both  lakes  and  rivers  in 
Bavaria  in  such  a  boat,  called  an  einbdiim.  Early  British  and 
Irish  canoes  were  likewise  of  the  same  pattern,  according  to 
Professor  Wm.  King,  and  were  used  in  the  latter  country  so 
lately  as  two  centuries  ago. 

Herodotus  (lib.  v.,  cap.  16)  gives  an  account  of  a  race 
called  Paeonians,  inhabiting  pile-dwellings  (b.c.  520)  in  Lake 
Prasias,  in  Thrace  (now  part  of  modem  Roumelia) . 

Each  cabin  had  a  trap-door  opening  on  to  the  lake,  in 
which  fish  was  so  abundant,  that  it  was  only  necessary  to  lower 
a  basket  by  a  cord  into  the  water,  and  haul  it  up  again,  and  it 
was  found  to  be  filled  with  fish.  When  their  country  was 
invaded  by  the  Persians,  they  retired  to  their  impregnable  lake 
habitations  with  their  horses  and  cattle,  subsisting  upon  fish, 
and  so  defied  the  invader.  That  horses  would  eat  fish  at  all, 
might  at  first  seem  incredible ;  but  my  late  colleague,  Mr. 
Adam  White  (of  the  Zoological  Department),  has  recorded,  in 
his  Natural  History  of  Animals  (p.  28),  that  '^  both  cows  and 
ponies  in  Shetland  readily  eat  fish-heads  in  winter  1"  so  that 
Herodotus  was  probably  correct  in  his  statement. 

They  made  the  first  platform  at  the  public  expense ;  but 

*  Meilen,  on  Lake  Zurich,  and  Concise,  on  the  Lake  of  Neach&tel,  appear  to 
have  been  inhabited  in  both  the  Stone  and  Bronze  periods. 
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subsequently,  at  every  marriage  (and  polygamy  was  customary), 
the  bridegroom  was  required  to  add  three  piles  to  the  structure. 

These  habitations,  reared  upon  the  bosom  of  the  lake  with 
so  much  patient  industry,  imaided  by  any  of  those  modem 
inventions  which  make  labour  light,  were  not  only  intended 
for  places  of  safe  retreat  during  hostile  times,  but  were  also 
used  by  each  community  as  their  constant  place  of  abode,  and 
all  the  reUcs  exhumed  tell  of  regular  every-day  life  and  perma- 
nent occupation. 

Prom  the  position  of  these  lacustrine  dwellings,  we  should 
have  predicted  that  they  were  inhabited  by  a  race  of  fisher- 
men. The  account  given  by  Herodotus  of  the  Paeonians,  and 
the  discovery  of  fish-hooks  and  pieces  of  nets,  and  abundance 
of  fish  bones  beneath  the  pile-works,  fully  confirms  this  opinion. 
But  the  ancient  Helvetii  were  by  no  means  dependent  upon 
the  waters  alone  for  their  daily  food ;  they  hunted  and  shot  the 
smaller  game  with  bows  and  arrows,  and  probably  took  the 
larger  in  pitfalls,  as  the  Zulu  Kafl&rs  do  at  the  present  day. 
In  these  pursuits  they  were,  from  the  earliest  times,  accom- 
panied by  man^s  first  and  most  faithful  Mend,  the  dog. 

The  bones  of  no  fewer  than  thirty-two  animals  (most  of  which 
were  used  as  food)  have  been  discovered  in  the  various  pile-works 
of  the  Swiss  lakes,  and  determined  by  Prof.  Eiitimeyer.*  That 
able  zoologist  has  also  recorded  the  occurrence  of  the  bones  of 
eighteen  species  of  birds,  eight  fishes,  and  two  reptiles  (these 
last  are  the  edible  frog  and  the  freshwater  tortoise ;  the  latter 
now  quite  extinct  in  Switzerland).  But,  as  I  have  already 
stated,  the  earliest  of  these  Swiss  settlements  indicates  a  later 
Stone  period  than  that  of  the  valley  of  the  Somme.  No  trace 
of  the  elephant,  rhinoceros,  hippopotamus,  hya9na,  cave  bear, 
or  lion  (all  of  which  appear  to  have  co-existed  with  the  makers 
of  the  flint  implements  of  the  earliest  Stone  period)  have  been 
found  here;  but  the  urus  and  bison,  the  elk  and  the  red- deer, 
were  no  mean  cattle ;  and  for  camivora,  they  had  to  contend 
with  the  brown  bear,  the  wolf,  the  fox,  and  half-a-dozen  smaller 
denizens  of  the  forest;  whilst  the  fierce  wild  boar,  and  the 
scarcely  less  formidable  marsh  boar,  also  abounded  in  the 
woods  and  lowlands.  These  animals  not  only  supplied  them 
with  food,  but  their  bones  and  teeth  were  afterwards  converted 
into  weapons  and  ornaments  of  various  kinds ;  the  horns  of  the 
deer  serving  as  hafts  for  stone  implements,  and  the  bones  for 
pins,  augers,  chisels,  and  gouges  (see  plate  and  description) ; 
whilst  their  skins  were  doubtless  used  as  articles  of  dress,  etc. 
Nor  was  agriculture  entirely  unknown.  Of  this  we  find  most 
conclusive  evidence  in  the  carbonized  remains  of  wheat  and 

*  Of  these,  eight  appear  to  hare  been  domesticated,  yiz.,  the  dog,  pig,  horse, 
ass,  goaty  sheep,  and  two  species  of  oxen. 


176        Chi  the  Ancient  Lake  nahiiatums  of  BwUzerland. 

barlejr^  several  bualiels  of  the  former  cereal  liayiiig  been  found 
at  Wangen>  the  grams  adliering  together  in  large  masseB.  Ears 
of  barley  are  also  namerons. 

Carbonized  cakes  of  unleavened  bread,  and  the  ronnd  stones 
nsed  in  grinding  the  com,  have  also  been  found  here,  and  may 
be  seen  in  the  collection.  No  agricultoral  implements,  except 
sickles  of  bronze,  have  yet  been  discovered ;  their  other  instru- 
ments of  tillage  were  doubtless  made  of  wood. 

The  uncultivated  fiuit-trees  of  the  forest  sappUed  them 
abundantly  with  apples  and  pears,  wild  plums,  prunes,  hazel- 
nuts, and  beech-nuts,  great  abundance  of  the  stones  and  shells 
of  which,  and  also  seeds  of  the  raspberry  and  blackberry,  are 
found  in  the  mud  around  their  dwellings.  The  apples  ar» 
often  foimd  ci^t  in  two,  and  apparently  dried  for  winter  use,  as 
is  the  custom  in  America  at  the  present  day. 

Seeds  of  the  water  caltrop  {Trapa  natcms),  now  almost 
extinct  in  Switzerland,  are  met  with,  and  are  believed  to  have 
been  used  as  articles  of  food.  The  fibres  of  flax  and  hemp 
have  also  been  found  applied  to  useful  purposes,  such  as  cords^ 
netting,  and  woven  fabrics  for  clothing.  (See  hst  of  specimens 
in  collection.) 

Professor  Rutimeyer's  examination  of  the  remains  of  animals 
obtained  &om  the  various  settlements,  has  led  to  the  most 
interesting  conclusions  respecting  the  modes  of  life  of  their 
occupants.  For  example,  in  the  oldest  settlements,  those  of 
the  Stone  age,  such  as  Wanwyl  and  Moosseedorf,  the  remains 
of  the  stag  predominate  over  the  ox,  and  the  goat  over  the 
sheep,  the  wild  boar  over  the  domestic  hog,  the  fox  over 
the  dog;  whilst  at  Bienne  and  Meilen,  settlements  of  the 
Bronze  age,  the  dog  predominates  over  the  fox,  the  domestic 
hog  over  the  wild  boar,  the  sheep  over  the  goats.  Lastly,  at 
the  Steinberg  (which  I  have  already  mentioned  as  a  settlement 
that  lasted  down  to  the  introduction  of  iron),  we  find  numerous 
bones  of  the  horse,  an  animal  whose  remains  are  extremely  rtvre 
in  the  earlier  settlements.  Thus,  the  Stone  age  may  be  said 
to  represent  the  ejpoch  of  the  hunter ;  the  Bronze,  the  pastoral 
age ;  whilst  the  commencement  of  the  Iron  age  probably  wit- 
nessed the  demolition  of  the  latest  pile-works,  and  was  tg  the 
Swiss  lake-dwellers  a  time  of  invasion,  conquest,  and  ultimate 
destruction  by  a  foreign  and  more  powerful  race. 

Of  their  religious  superstitions  we  know  little.  That  they 
eat  foxes  and  esdiewed  the  hare  seems  proved  by  the  frequent 
occurrence  of  foxes^  bones,  and  the  discovery  of  but  one  soli- 
tary bone  of  the  hare  up  to  the  present  time.*    Col.  Schwab 

*  Such  a  Btipentition  still  preyailB  among  the  Laplanders  at  the  present  day. 
The  Bttssians  even  refuse  to  eat  it  t  This  ayenion  to  the  hare  is  also  noticed 
by  Julius  Caesar,  in  his  CommeMariet  (lib.  r.,  cap.  zii.),  as  existing  among  the 
ancient  Britons. 
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lias  discovered  a  great  number  of  crescents  made  of  earthen- 
ware (measuring  about  one  foot  across^  from  horn  to  horn), 
compressed  at  the  sides^  and  sometimes  ornamented. 

They  were  probably  affixed  to  the  summit  of  their  circular 
huts.  Dr.  Keller  considers  them  religious  emblems,  and  to 
be  evidence  of  moon-worship.  The  remains  of  the  mistletoe 
have  also  been  found.  This  parasitic  plant  has  always  been 
associated  with  religious  rites  from  the  earliest  times. 

Notwithstanding  the  profusion  of  bones  of  auiTnala  in  the 
Swiss  pile-works,  the  occurrence  of  human  remains  is  extremely 
rare,  which  would  seem  to  indicate,  that  although  the  confla- 
grations by  which  the  settlements  had  been  destroyed  at  various 
Griods  had  been  sudden  and  overwhelming,  yet  the  inhabitants 
d  always  managed  to  escape  with  their  lives,  in  boats  or 
otherwise. 

Only  one  skull  of  the  early  Stone  period,  dredged  up  from 
Meilen,  on  the  Lake  of  Zuridi,  has  yet  been  examined  with 
care.  Of  this.  Prof.  His  observes,  that  it  clearly  resembles  in 
form  the  skull  of  the  race  at  present  prevailing  in  Switzerland, 
which  is  intermediate  between  the  long-headed  and  short- 
headed  form. 

The  duration  of  time  occupied  by  the  epochs  just  described 
must  naturally  be  very  great,  to  allow  dianges  so  important 
as  those  we  have  indicated  gradually  to  take  place.  In  Den- 
mark each  period  is  marked  by  a  complete  change  in  the  forest 
trees  of  the  country.  The  Scotch  fir,  the  oak,  and  the  beech- 
tree,  have  each  covered  the  land,  and  each  in  turn  has  died  out, 
and  been  replaced  by  its  successor — a  process  requiring  many 
tens  of  eentwriea  to  effect. 

The  Swiss  archaeologists  and  geologists  have  endeavoured, 
by  a  very  careful  series  of  calculations,  to  estimate  definitely 
the  periods  of  time  and  relative  antiquity  of  the  Stone  and 
Bronze  ages.  The  calculations  of  M.  Morlot  are  based  upon  an 
examination  of  the  delta  formed  by  a  torrent,  known  as  the 
Tini^re,  which  falls  into  the  Lake  of  Geneva,  near  Yilleneuve. 
This  delta  was  laid  open  by  a  railway  cutting  1000  feet  lon^ 
and  32  feet  deep,  and  its  structure  throughout  displayed  bvlcd. 
regularity,  as  to  imply  that  it  had  been  formed  very  gradually, 
and  by  the  uniform  action  of  the  same  causes. 

Three  layers  of  vegetable  soil  have  been  exposed,  each  of 
which  must  at  one  time  have  formed  the  surface  of  this  cone- 
.  shaped  deposit.     They  are  regularly  inter-laminated  among 

^  the  gravel,  and  exactly  parallel  to  one  another,  as  well  as  to  the 

present  curved  surface  of  the  cone.  The  first  of  these  ancient 
deposits  was  traced  over  a  surface  of  15,000  square  feet,  at  a 
depth  of  about  four  feet.  This  layer,  which  was  from  four  to 
six  inches  in  thickness,  belonged  to  the  Boman  period,  and 
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contained  Roman  tiles^  and  also  a  coin.  The  second  layer 
was  followed  over  an  area  of  25^000  square  feet^  at  a  depth  of 
ten  feet  from  the  snrface^  and  had  a  thickness  of  six  inches. 
It  is  referred  to  the  Bronze  epoch,  for  in  it  was  found  several 
fragments  of  unvarnished  pottery,  and  a  pair  of  bronze  tweezers. 
The  third  layer  was  traced  for  35,000  square  feet,  at  a  depth  of 
nineteen  feet,  and  was  six  to  seven  inches  in  thickness.  In  it 
were  found  a  human  skeleton,  with  a  small,  round,  and  very 
thick  skull,  some  fragments  of  very  rude  pottery,  some  pieces 
of  charcoal,  and  some  broken  bones. 

M.  Morlot,  assuming  the  Roman  period  (indicated  by  the 
first  layer)  to  represent  an  antiquity  of  from  sixteen  to  eighteen 
centuries,  assigns  to  the  second  layer,  representing  the  Bronze 
age,  an  antiquity  of  3800  years,  and  6400  years  for  the  third 
layer  of  the  Stone  age. 

The  second  case  is  afforded  by  a  settlement  found  buried  in 
peat  at  the  foot  of  Mount  Chamblon,  5500  feet  from  the  present 
margin  of  the  Lake  of  Neuchfttel.  The  Roman  City  of 
Eburodunum  (Tverdon)  was  built  on  a  duiie  extending  frx>m 
Jorat  to  the  Thiele.  Between  this  duTie  and  the  lake,  on  the 
site  at  present  occupied  by  the  city  of  Yverdon,  no  trace  of 
Roman  antiquities  has  ever  been  discovered,  from  which  it  is 
argued  that  the  waters  of  the  lake  washed  the  walls  of  the 
ancient  Castrum  Eburodense. 

If  then  2500  feet  have  been  uncovered  in  1500  years, 
M.  Troyon  infers  that  3300  years  must  have  elapsed  since 
the  pile-dwellings  at  Chamblon  were  left  dry.  As  this 
settlement  belonged  to  the  Bronze  period,  the  date  arrived 
at  agrees  very  well  with  that  obtained  from  the  delta  of  the 
Tinifere. 

I  have  only  described  the  construction  of  the  most  usual  form 
of  Swiss  pile  work ;  that  in  which  thfe  platform  is  fixed  to  the  tops 
of  the  piles  at  a  sufficient  elevation  above  the  lake  to  secure  the 
habitations  against  a  sudden  rising  of  the  waters.  But  at 
Wauwyl,  in  Lucerne,*  the  platform  consisted  of  five  iaters  of 
round  timbers  securely  united  together  with  interlaced  branches 
of  trees  and  the  interstices  filled  with  clay.  No  fastening  of  amy 
I'ind  could  be  discovered  to  connect  the  piles  with  this  massive 
platform,  and  it  would  seem,  from  a  close  and  careful  examina- 
tion, that  the  rows  of  piles  only  served  to  retain  it  in  its  place, 
the  platform  itself  floating  upon  the  surface  of  the  water  and 
rising  and  falling  with  it. 

Again,  at  the  Steinberg,  in  the  Lake  of  Bienne,  an  arti- 
ficial island  has  been  formed  by  collecting  a  mass  of  round 

*  See  Dr.  Keller's   Memoir,    Zurich,  1860  (p.  73),   already   quoted,   for 
M.  Sater's  description  of  this  remarkable  settlement  of  the  Stone  period. 
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stones^^  which  are  kept  together  by  means  of  planks  of  wood^ 
and  a  circle  of  piles  driven  vertically  around  the  mound  which 
is  now  considerably  beneath  the  present  surface  of  the  lake^ 
owing  to  a  supposed  rise  in  the  level  of  the  waters.  And^ 
lastly^  a  small  island  in  the  little  Inkwyl  Lake  exactly  reproduces 
the  crannoge  which  I  have  mentioned  already  as  so  frequently 
occurring  in  the  lakes  of  Ireland.  Of  these  erannoges,  which 
are  sufficient  of  themselves  to  form  the  subject  of  a  separate 
paper^  I  will  only  remark  that  no  fewer  than  forty-six  have  been 
discovered  and  described^  from  which  remains  of  .the  Stone, 
Bronze,  and  Iron  Age  have  been  obtained.  They  are  frequently 
referred  to  in  the  early  annals  of  the  country  so  far  back  as  the 
ninth  century,  and  have  been  used  as  strongholds  and  refuges 
by  petty  chiefs,  rebels,  marauders,  and  freebooters,  down  to  the 
close  of  the  seventeenth  century.  They  are  extremely  rich  in 
reliques,  but  little  has  yet  been  done  in  systematically  examining 
and  separating  their  very  miscellaneous  contents. 

I  have  been  informed  that  the  Royal  Irish  Academy  is 
about  to  take  active  measures  to  harvest  this  rich  field  of  archado- 
logical  treasures. 

Lake-dwellings  have  been  noticed  as  having  existed  in  several 
parts  of  Asia,  in  a  series  of  bas-i-eUefs  found  at  Kouyunjik 
in  the  palace  of  Sennacherib,  are  represented  the  conquests  of 
the  Assyrians  over  a  tribe  who  inhabited  a  marshy  region; 
in  one  of  these  slabsf  we  see  represented  several  small  artificial 
islands  (formed  apparently  by  wattling  together  the  branches 
and  twigs  of  the  willows  which  grew  in  the  marshes,  and  erecting 
a  platform),  in  which  are  sheltered  five  or  six  people.  Mr.  Layard 
has  conjectured  that  these  slabs  represent  the  conquests  of 
the  Assyrians  over  the  inhabitants  of  the  lower  part  of  the 
Euphrates.]: 

That  lake-dwellings  will  yet  be  discovered  in  England  is 
highly  probable.  The  fens  of  Cambridge  and  Lincolnshire  and 
the  meres  and  broads  of  Norfolk  seem  ready  to  reward  the 
explorer.  I  will  give  a  single  instance  in  point.  In  draining  a 
mere  near  Wretham  Hall,  Thetford,  Norfolk^  numerous  posts  of 
oak-wood,  shaped  and  pointed  by  human  art,  were  found 
standing  erect,  entirely  buried  in  the  peat.  At  a  depth  of  from 
five  to  six  feet  from  the  surface  were  found  some  very  large 
antlers  of  the  rod  deer,  several  of  which,  with  the  skulls 
attached,  had  been  saion  of,  just  above  the  brow-antlers.  § 

*  A  canoe,  laden  with  stones,  was  actually  found  near  this  spot,  haying 
apparently  capsized  and  sunk  duriuff  the  period  when  the  Steinherg  was  in 
course  of  construction.  It  is  one  of  the  lai^st  known,  and  measurea  flltj  feet  in 
length  and  three  and  a  half  feet  in  width. 

t  Engrared  in  the  Monument*  <if  Ninewh,  second  seriej^  pi.  26. 

X  See  Ninaveh  and  Baiylan,  1853,  p.  684. 

§  See  Qnarterkf  Journal  of  the  Oeotogicai  Sociefy,  London,  1856,  vol.  xii.  p.  350. 

VOL.  V. — ^NO.  III.  0 


180        On  the  Ancient  Lake  Habitations  of  Stvitzertand. 


Let  me^  in  conclusion^  caution  the  readers  of  this  journal 
against  the  grave  error  of  supposing  that^  because  an  era  of 
civihzation  is  well-marked  and  wide-spread^  that^  therefore  it 
was  contemporaneous  throughout  the  area  in  whic^  it  is  known 
to  have  prevailed.  In  proof  of  this  I  need  only  rematk  that 
pUe^works  are  in  fashion  now-a-days  among  the  Papoos  j  that 
the  einbdum  still  floats  on  many  a  lake  and  river ;  and  that^  not- 
withstanding  all  the  efforts  of  Birmingham  and  Sheffield^  the 
Fuegian  and  Andaman  Islanders  have  to-day  eaten  their 
dinner  with  the  aid  of  stone  cutlery.  So  true  is  it^  that  "  man^ 
placed  under  analogous  circumstances,  acts  in  an  analogous 
manner,  irrespective  of  time  and  locality.''* 

Explanation  op  Platb. — Fig.  1.  Stone  axe  of  Serpentine; 
Concise,  Lake  of  Neuch4tel.  2.  Stone  axe,  fitted  into  hail  of 
stag's  horn;  Robenhausen,  Lake  of  PfeflSkon.  3.  Haft  of 
stag's  horn,  with  projecting  wing,  which  rests  against  the 
handle  of  wood,  in  which  a  square  hole  has  been  cut  to  receive 
the  shaft.  [The  handle  itself  is  a  fac -simile  of  one  found  at 
Concise,  Neuchatel.]  4.  Flint  saw,  formed  of  a  flake  of  flint 
fixed  into  a  groove  in  a  wooden  handle  with  a  cement  of  black 
mastic.  [Copied  from  M.  Troyon's  Habitations  La^custres, 
PI.  V.  f.  ll.f]  5.  Awl  of  bone,  formed  of  the  Ulna  of  Cervvs 
Elaphus ;  Moosseedorf.  6.  Gouge,  or  chisel,  formed  of  meta- 
carpal bone  of  deer;  Wangen,  Constance.  7.  Long  slender 
pin,  made  of  metatarsal  bone  of  deer ;  Moosseedorf.  8.  Bronze 
knife  blade ;  Cortaillod,  Lake  of  Neuch&tel.  9.  Spear  head 
of  bronze;  Nidau  Steinberg,  Lake  of  Bienne.  10.  Long 
slender  bronze  celt;  Mielen,  Lake  of  Zurich.  11.  Ornamented 
armlet  of  bronze;  Cortaillod,  Lake  of  NeuchMel.  12  and  12a. 
terra-cotta  whorl,  used  in  spinning  with  the  distaff;  Cor- 
taillod, Lake  of  Neuchatel.  13.  Bronze  pin,  ornamented  with 
circles  ;  (probably  worn  in  the  hair) ;  Cortaillod,  Lake  of 
Neuchatel. 

List  op  Specimens  from  the  Swiss  lake  dwellings  in  the 
British  Antiquities'  Eoom,  British  Museum  : — 

Ahbreviationi.'^MoosBeedaH  (M.),  BobenbaoBen  (B.),  Wangen  (W.),  Gonoifle  (C.) 


TZOXTABLE  BUBSTJiirCXB. 

Seeds  of  Flax  Linum  utUtUunrnwHi,    B. 

„    Baspberry,  Suhus  idaus^  W.  &  M. 

„    Blackberry,  B.frutieostu,  W.  k  M. 

„    Water  caltrop,  Trapa  natantf  M. 
Wheat  (clean),  Triticum  sativum 

W.  &  M. 
Six-rowed  Barley,  in  car,  HordeMm 

hexatUehon W. 


Two-rowed  Barley,  in  ear,  Sordmm 

dUlicum     - W. 

Hazel  Nuts,  Corylus  aveilaua   .     .  2f . 

Beech  Nuts,  Fagua  sylvaiiea     .     .  M. 

Seeds,  etc.,  of  Apple,  I^rut  malmt,  M. 

Apples  split  and  dried  for  winter 

use W. 

Leayes,  etc.,  of  the  Bifistletoe,  VUeum 

album IC 


•  F.  Troyon,  lib.  ciL 

t  M.  Troyon  remarks  that  such  flint  saws  are  used  by  the  Oeeaziic  meet  in 
the  manufaotnre  of  stone  implements  at  the  present  day. 
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Specimens  ofWoods  lued  in  the  pile- 

worki,  White  Biich,  i^eteto  o^  M. 
Pine,  Timu,  sp. 

VABBIC8. 

Fragment  of  Fishing  Net  made  of 

Hemp  ?  meshes  2  inches  square  .  B. 
Fragment  of  Ooane  Fringe  of  a  Dress,  B. 

„    Coarse  Woven  Fabric   .    .    .    B. 

M    Fabric  plaited  by  Hand     .    .    B. 

„    Cord  made  of  WiUoir  Bark    .   M. 

„  Burnt  Bread,  or  Cake  .  •  .  W. 
Piece  of  Yew  Tree,  with  cuts  of  a 

stone  axe IC. 

Burnt  Wood M. 

Portion  of  the  stem  of  the  Flax  in 

the  first  process  of  manufacture  •     B. 

WRA&imm  OF  BoirBS  op  thb 

Fox,  Canis  wipes  {ulna)  .  .  .  .  K. 
Bearer,    Cattor  fiber  (1  ineitor,  1 

left/fimir)       M. 

WM   Boar,    8tu   torofa  ferns  (1 

right  tibia)       ........     M. 

Harsh  Boar,  Sue  scrofa  paluetrie  (1 

ulna,  1  fnoloTf  Ijcno)  .  .  .  .  M. 
Stag,  Cervue  Elaphue  (1  right /mittr, 

1  left  kumerue) M. 

Boebuck,  Cervue  capreolus  (Horn)  M. 
Gk>at,  Copra,  sp.  ?  (tibia,  Jaw)  .  .  M. 
TJrus,  JBoe  primiffemue      .     .    .    .    K. 

Ox?  Beettmrue M. 

Fragments  of  yarious  Bones  gnawed  bj 

dogsP 
Prong  of  a  Deer's  Horn  gnawed  by  rats. 
Yarious  Bones  and  pieces  of  Horn  cut 

and  marked  by  flint  implements. 

BONES,  ETC.,  MADE  VXTO  IHPLEMENTS. 

4  Hafts  of  Stag's  Horn,  hollowed  to 
receiye  stone  axes C. 

7  Awls  and  Pins,  made  of  yarious 
bonee IVf . 

17  Chisels  and  Knives      .    .     .    .    M. 

4  Chisels  or  Gouges W. 

1  Haft,  with  entire  Celt  in  situ       .     B. 

1  Haft,  with  broken  Celt  mW/u,  St.Aubin. 

1  Haft  of  Stag's  Horn      .    .  St.  Aubin. 

4  Pointed  Bone  Instruments     .    .    W. 


1  Small  Needle? M. 

nCPLBKBirTS  OT  BTOKE,  STC. 

10  Stone  Celts,  or  Axe-heads,  made 

of  Serpentine       W. 

Cast  of  Axe-head  made  of  Jade  ? 

{original firomS  M. 

2  Flint  Arrow  heads    .     .    .     W.^M. 

5  Flint  Saws  and  Knives       .     .    .    M 

6  Flint  Scrapers M. 

Btone  Hammer W. 

2  Bound  Stone  Com  Crushers  .  .  W. 
Stone  Axe  in  course  of  manufacture^ 

with  traces  of  flint  saw-marks  .  W. 
Sandstone  used  in  grinding  Celts  .  M. 
2  Celts  of  Serpentine  ...  C.  &  B. 
42  Flint  Flakes  of  yarious  forms  .  IC. 
18  Flint  Kniyes       M. 

8  Flint  Chips M. 

ABTIOLBS  OP  POTTEBT,  ETC. 

18  Fragments  of  Coarse  Pottery, 
hand-made K. 

4  Portions  of  Earthen  Pots,  used  to 
store  com  in W . 

1  Piece  of  a  Yase  ornamented  with  a 
tree  pattern W. 

7  Pieces  of  rough  Pottery     •      Inkw^l. 

2  Earthen  Cups  (one  of  which  is  yeij 
elegant  in  form)  .  Cortaillod,  Lake  of 

Neuchfctel. 
Fragment  of  a  Large  Yase,  Auyemier, 

Lake  of  Neuch&teL 

6  Terra-cotta  whorls,  used  in  spinning 

with  the  distaff      .     .    .    Cortaillod. 

Portions  of  the  Clay  coating  the  interior 

of  the  huts,  indurated  by  fire      .    W. 

WOBKB  OP  ABT  IS  BBOXZE. 

3  Knife  Blades      .     Cortaillod,  Lake  of 

Neubh&tel. 

1  Hair  Pin  Do.  do. 

2  Celts,  with  loops  Do.  do. 

9  Bings  Do.  do. 

3  Armlets  Do.  do. 
1  Baser,  or  Leather  Cutter    Do.    do. 

6  Ornamented  Pins  ....  Beyais. 
1  Long  slender  Celt,  Meilen,  L.  of  Zurich. 
1  Chisel   •   Nidau  Steinberg,  L.  Bienne. 
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VORACITY  or  THE  ASPLANCHNA,  AND  ITS 

STOMACH   CURRENTS. 

BY  BBNEY  J.  SLACK^  P.O.S., 
Member  of  Che  Microfoopioal  Society  of  London. 

The  ordinary  text-books  do  not  eontain  a  satisfactory  portrait 
of  one  of  the  most  interesting  rotifers,  the  Asplanchna 
Brightwellii,  and  the  peculiar  arrangement  and  mobility  of  the 
various  parts  render  it  almost  impossible  that  a  striking  like- 
ness should  be  produced.*  In  two  successive  seasons  I  obtained 
these  creatures  from  Hampstead  Heath,  and  last  November  and 
December  found  them  fairly  plentiful  in  one  or  two  very  small 
ponds  at  the  back  of  the  Castle  Tavern.  When  a  fortunate  dip  is 
made,  and  the  bottle  held  up  to  the  light,  little  exquisitely 
transparent  glassy  bags  will  be  seen  swimming  about,  and  they 
will  be  made  noticeable,  less  by  their  extremely  delicate  outline 
than  by  a  solid-looking  patch  of  coloured  matter,  generally 
golden  yellow,  which  stimi^ates  curiosity  to  find  out  what  they 
are.  As  I  wish,  when  opportunity  offers,  to  resume  the  in- 
vestigation of  these  remarkable  rotifers,  I  shall  not  now 
append  any  drawings,  or  discuss  minute  details  of  their  orga- 
nization. Their  name  designates  an  astounding  pecuUarity— 
the  absence  of  a  bowel  or  anus^  which  might  have  been  thought 
indispensable  to  a  creature  so  highly  organized  as  the  asplanchna 
undoubtedly  is. 

The  Aspla/nchTia  BnghtwelUi  is  almost  a  twenty-fourth  of 
an  inch  long.  The  jaws  are  called  '^one-toothed,''  but  the 
appellation  is  scarcely  correct,  as  these  organs  consist  of  two 
arms,  cleft  at  their  extremities,  and  having  a  large  toothed 
projection  rather  less  than  half-way  down,  A  careftilly-made 
drawing  is  before  me  as  I  write,  and  the  general  impres- 
sion, when  the  curved  arms  (rami  and  mallei)  are  placed 
upright,  is  not  unlike  that  of  a  pair  of  antlers,  and  they  do 
not  seem  much  better  fitted  for  anything  like  chewwg  the  food 
that  passes  through  them.  Whatever  is  swallowed  goes  down 
a  conspicuous  gullet,  and  a  very  extensible  crop,  often  seen  in 
folds,  and  abounding  in  delicate  muscular  bands.  My  hope  was 
to  find  that  this  was  in  some  way  divided,  and  that  there 
existed  a  distinct  exit-pipe.  In  this  I  whs  unable  to  succeed,  and 
I  can  offer  no  explanation  of  the  riddle  which  the  asplanchna 
presents.  The  crop  terminates  in  a. stomach  of  rounded,  but 
irregular  form,  and  when  the  creature  is  quiet,  the  long  ovary 
is  folded  in  a  horseshoe  round  the  digestive  bag.     This  ovary 

*  Since  writing  the  above,  Mr.  Gosse  has  allowed  me  to  see  his  collection  of 
drawings  of  these  creattires,  and,  as  might  he  expected,  they  are  far  superior  to 
any  others.    The  asplanchna  requires  to  be  studied  in  a  series  of  sketches. 
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may  be  roughly  compared  to  a  long  omnibus  cushion  with 
rounded  ends.  It  is  capable  of  much  motion^  and  some  apparent 
change  of  form.  I  have  just  mentioned  what  I  may  call  its  normal 
position ;  but  in  a  sketch  before  me^  the  stomach  has  ascended 
quite  above  it^  and  below  it  lies  a  large,  roughs  resting  egg^ 
nearly  ready  for  expulsion.^  Situated  a  little  above  the  orifice 
from  w^hich  the  eggs  or  young  are  discharged^  is  the  contractile 
vesicle^  or  hearty  whose  motions  are  easily  seen  when  the  other 
life  apparatus  is  out  of  the  way.  There  are  also  complicated 
tubes^  which  under  favourable  circumstances  exhibit  the  so* 
called  '^tremulous  bodies'^ — little  finger-like  projections,  on 
which  a  high  power  detects  ciliary  action  that  has  been  sup- 
posed to  be  connected  with  the  animal's  respiration. 

It  is  a  most  voracious  creature,  and  its  stomach  is  often  a 
natural  history  museum.  The  teeth  do  not  damage  the  objects 
as  they  go  down,  so  that  in  one  of  my  specimens  I  found  a 
small  volvox  apparently  uninjured^  and  waiting  the  slow  opera- 
tion of  the  digestive  juice.  Mr.  Grosse  also  mentions  an 
instance  in  which  a  rotifer  that  had  been  passed  into  the 
stomach  escaped  alive.  In  the  stomach  of  another  asplanchna, 
of  which  a  drawing  was  made,  were  no  less  than  seven  small 
rotifers  and  the  jaw  of  an  eighth,  one  arcella,  and  a  quantity  of 
imperfectly  crystalUzed  transparent  particles,  that  acted  upon 
polarized  light,  and  may  have  been  uric  acid,  together  with  a 
mass,  of  matter  too  much  digested  to  determine  its  origin.  The 
asplanchna  is  not  only  willing  to  swallow  any  number  of  her 
fellow-creatures,  animal  or  vegetable,  that  her  stomach  can 
possibly  hold,  but  she  gulps  down  objects  apparently  as 
inconvenient  as  if  a  man  should  swallow  a  rolling  pin,  or  the 
kitchen  poker  itself.  When  such  an  awkward  article  has 
been  bolted,  the  stomach  is  widely  distended ;  the  crop  does 
its  part  to  make  room  for  the  visitor,  by  pursuing  the  same 
course,  and  the  result  is  that  the  entire  digestive  passage,  and 
stomach  bag,  together  take  a  triangular  form.  I  saw  several 
instances  of  this  curious  process.  La  one  a — ^relatively — ^very 
large  piece  of  the  trachesJ  tube  of  some  insect  was  stretched 
like  a  beam  across  the  stomach,  which  it  pushed  quite  out  of 
shape.  In  another  case,  the  creature  had  swallowed  that 
beautiful  little  lively  vegetable,  the  Euglena  pymm,  and  the 
memorandum  I  made  on  the  occasion  was  as  follows  : — '^  2nd 
Dec,  1868.  Asplanchna  B, young  one,had  swallowed  ojilhglena 
pyrum,  which  at  one  time  came  partly  up  into  the  oesophagus, 
stretching  it  so  that  it  was  difficult  to  teU  where  the  stomach 
began.  Then  it  arranged  itself  crosswise  at  the  bottom  of  the 
stomach,  and  the  oesophagus,  crop,  and  stomach  were  stretched 

*  The  ordinaiy  eggs  are  h&tched  Inside.     I  saw  sereral  young  ones  ex- 
truded, ezaody  resembling  the  mother. 
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so  as  to  form  one  triangular  bag.  The  Euglena  was  elongated 
into  a  cylinder  with  a  pointed  tail.  At  another  time  the 
ciliary  motions  of  the  stomach  made  it  spin  round  and  round 
about  its  long  axis.'' 

My  present  object  is  to  call  particular  attention  to  the 
oiliary  stomach  ctprents  last  mentioned^  as  I  have  seen  them 
more  strikingly  displayed  in  the  asplanchna  than  in  any  other 
rotifer.  It  would  seem  as  if  the  whole  surface  of  the  stomach 
were  lined  with  cilia  in  active  motion,  and  the  direction  of  the 
currents  they  occasion,  depends  chiefly  upon  the  gaps  that 
occur  in  the  masses  of  food.  The  motions  of  the  creature 
agitate  and  constrict  the  stomach.  Thus  the  food,  when  reduced 
to  a  pulp,  is  easily  divided  into  separate  portions,  and  the  spaces 
between  them  form  channels,  down  which  the  ciliary  currents 
rash.  They  are  easily  seen  with  a  good  \  or  -^th,  but  with 
Smith  and  Beck's  T^^th,  (and  doubtless  also  with  Powell  and 
Lealand's  -j^th),  they  are  magnificent  objects.  It  was  with  the 
fonner  glass  I  frequently  viewed  them,  and  I  find  on  one  occasion 
the  following  note  entered  in  my  microscopic  memorandum 
book : — 

''  The  stomach  of  the  asplanchna  exhibits  the  ciliary  motion 
very  finely — ^the  food  gets  divided  into  separate  masses,  and  in 
the  inter-spaces,  the  cihary  currents  look  like  the  confluence 
of  ten  thousand  waterfalls,  and  often  form  whirlpools  in  which 
small  particles  are  hurled  about  with  great  velocity .''  No 
drawings  can  give  anything  like  a  picture  of  such  movements  ;. 
but  a  diagramatio  sketch  was  made  of  the  most  singular,  and  I 
find  two  closely  curled  whirlpools  working  away  in  juxtaposition, 
and  connected  with  two  parallel  currents  about  a  seven 
hundredth  of  an  inch  long,  both  of  which  were  curled  inwards 
at  the  bottom,  and  sent  up  two  steady  streams,  the  tendency  of 
which  was  to  cut  another  channel  through  the  food  mass,  and 
to  keep  its  particles  bathed  incessantly  on  every  side. 

Lower  powers  easily  show  that  these  currents  exist,  but 
no  idea  can  be  formed  of  their  beauty  as  a  spectacle,  unless 
with  such  an  object-glass  as  the  -97) th  and  careful  illumination 
with  the  achromatic  condenser.  As  thus  displayed  it  was  one 
of  the  most  striking  and  memorable  scenes  of  the  microscope 
that  I  have  ever  witnessed.  Some  other  rotifers  may  answer 
the  purpose  as  well  as  the  asplanchna  for  showing  these 
currents;  but  I  have  never  met  with  one  equal  to  it.  The 
tissues  are  as  clear  as  our  finest  glass,  and  the  stomach  well- 
situated:  Slight  compression  should  be  employed,  but  not 
enough  to  hurt  the  creature  whose  internal  after-dinner  arrange- 
ments it  is  intended  to  survey. 
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Wb  heartily  welcome  the  first  volume  of  the  ''sixth  and  completed 
edition"  of  Dr.  Amott's  Elements  of  Physics*  because  we  believe 
there  is  no  work  in  any  language  that  can  supply  its  place.  Other 
works  of  great  merit  are  for  the  most  partf  only  adapted  to 
those  who  have  already  acquired  the  habits  of  students,  and 
there  is  no  pleasure  in  reading  them,  apart  from  that  attaching 
to  the  acquisition  of  facts  in  a  dry  and  bald  form.  Dr.  Amott^s 
famous  book  is,  on  the  contrary,  so  admirable  for  simpUcity 
of  statement  and  elegance  of  illustration,  that  no  reader,  young 
or  old,  whose  mind  is  in  a  condition  of  reasonable  activity,  can 
resist  its  fascination,  or  be  willing  to  put  it  down  until  it  has 
been  carefully  read.  To  those  who  have  everything  to  learn 
concerning  the  physical  forces  of  the  universe  il  will  prove  a 
delightAil  guide,  while  those  who  are  famihar  with  the  prin- 
ciples it  unfolds,  will  be  charmed  by  the  excellence  of  its 
method,  and  by  the  admirable  use  it  has  made  of  that  best  of 
all  aids  to  memory,  a  natural  and  comprehensive  association 
of  ideas.  The  writer  well  remembers  the  pleasure  afforded  by 
an  early  edition  in  his  schoolboy  days,  and  doubtless  many 
who  now  occupy  important  positions  in  the  scientific  world  will 
speak  of  it  as  one  of  the  few  books  which  contributed  to  direct 
their  tastes,  as  weU  as  to  lay  the  foundation  of  accurate  thinking 
upon  the  varied  problems  presented  by  the  external  world. 

In  some  respects  the  most  difficult  part  of  Dr.  Amott's 
labours  remains  for  the  second  volume,  which  is  promised  in 
October,  to  conclude  the  present  edition  and  complete  the 
work.  The  volume  now  issued  comprehends  mechanics, 
hydrostatics,  hydrauHcs,  pneumatics,  acoustics,  and  ammal 
mechanics.  "  Thoroughly  revised,'^  as  the  author  tells  us,  and 
"  brought  up  to  the  present  time.^'  The  second  volume  will 
relate  to  heat,  light,  electricity,  and  magnetism,  with  astronomy, 
and  popular  mathematics.  There  is  a  little  awkwardness  in 
treating,  as  this  volume  does,  of  boiUng  water  and  the  steam- 
engine  before  explaining  the  laws  of  heat;  but  the  matter 
relating  thereto  is  certainly  intelligible  to  any  one  who  has 
carefully  studied  the  chapters  that  precede  it. 

While  generally  concurring  with  the  views  adopted  by 
Dr.  Amott,  we  regret  that  he  has  placed  a  particular,  and  in  some 
respects  highly  improbable  theo^-y  in  the  position  of  his  ''  first 
fundamental  truth.'*  The  assertion  that ''  every  material  njass 
in  nature  is  divisible  into  very  minute  indestructible  and  un- 

*  Slemenit  of  Physiet,  or  Natural  JPhUotopJ^,  torUienfor  General  U$e,  in 
Plain  or  Non-Technical  Language,  by  NeU  Amott,  M.D.,  F.LJ3.  Sixth  and 
completed  edition.    Part  L    iongmant,  ^ 

t  FkUoeopijf  imS^ort  made  Selenee  tn  JEkmeet^  is«  ralnaUe  exception  to  this  ruk. 
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changeahle  particles^'^  iB  assuredly  not  ascertained  to  be  tme^  and 
there  was  not  the  slightest  occasion  to  make  a  doubtfbl  gaess, 
as  in  the  word  we  have  given  in  itaUcs^  or  it  may  be  an 
erroneous  assertion^  the  foundation  of  a  superstructure  built  up 
in  accordance  with  logical  rules.  So  distinctly  does  Dr.  Amott 
assert  the  doubtftd  doctrines  connected  with  the  word  atom, 
that  he  gives  as  an  illustration  of  the  assertion  just  cited^  the 
case  of  a  piece  of  metal^  bruised,  broken,  cut,  dissolved  or 
otlierwise  transformed^  a  thousand  times,  but  which  still  "  can 
always  be  exhibited  again  as  perfect  as  at  first.''  Dr.  Amott 
probably  did  not  intend  to  convey  all  that  this  passage  plainly 
moans  and  implies,  and  he  would  surely  hesitate  to  affirm  aU 
its  unproved  assertions,  if  they  were  drawn  up  in  due  form 
and  presented  to  his  eye.  He  does  not  hnow  that  there  are 
such  things,  •  for  example,  as  '^  indestructible  unchangeable 
particles''  of  iron.  There  could  only  be  such  particles  of  simple 
substances,  and  who  can  tell  what  substance  really  deserves 
that  name  ?  All  compound  substances  may  have  an  atomic  com- 
position— ^that  is  to  say,  they  may  not  be  susceptible  of  division 
beyond  a  certain  limit  without  being  decomposed ;  but  if  so, 
the  smallest  possible  particle  of  a  compound  will  consist  of 
two  or  more  still  smaller  particles  of  its  elements,  whatever 
they  may  be.  The  principles  of  mechanics  do  not  depend  upon 
any  of  the  gratuitous  assertions  made  in  Dr.  Amott's  so  called 
'f  first  fundamental  truth,*'  and  it  does  not  coincide  with  his 
usually  careful  and  luminous  statements  concerning  either 
argument  or  fact. 

An  accurate  knowledge  of  the  elementary  principles  and 
facts  of  physics  forms  the  only  possible  foundation  for  the  study 
of  more  complicated  branches  of  physical  science,  and  it  is 
unfortunately  surprising  to  find  how  few  persons  have  taken  the 
trouble — or,  if  Dr.  Amott  were  the  guide,  we  should  say 
enjoyed  the  pleasure — of  learning  these  primary  truths. 

The  processes  of  the  human  organism  develope  many 
forces,  but  man  as  a  worker  creates  none;  all  that  he  can 
accomplish  is  to  use  his  own  muscular  force,  or  some  other 
power,  so  as  to  accomplish  his  will.  If  he  boils  water  and 
avails  himself  of  the  expansive  force  of  steam,  he  has  not  made 
that  force.  He  has  merely  placed  fuel,  water,  certain  masses 
of  metal  and  other  articles  so  as  to  be  acted  upon,  in  given 
directions  and  for  a  given  time,  by  certain  properties  of  heat. 
In  what  are  calied  the  mechanical  powers  (levers,  etc.)  he  does 
sonfewhat  less,  and  his  action  depends  upon  a  few  simple 
principles  and  facts.  This  is  well  expressed  in  the  opening 
lines  of  the  analysis  to  the  second  section  of  Dr.  Amott's 
work  : — ^'  The  bodies  or  masses  composing  the  universe  may  be 
at  rest  or  motion,  and  to  change  any  present  state,   force 
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proportioned  to  the  quantity  of  the  body  and  to  the  degree  of 
change  is  equally  required,  whether  to  give  motion,  to  take  it 
away,  or  to  bend  it/'  Every  one  can  see  that  a  body  at  rest 
might  remain  so  for  oyer,  if  no  one,  and  no  thing,  exerted  the 
force  necessary  to  make  it  move ;  but  it  is  not  equally  obvious, 
though  equally  true,  that  if  once  set  in  motion  it  would  move 
on  for  ever,  if  nothing  caused  it  to  stop.  Let  this  truth  be 
felt,  and  an  interesting  inquiry  must  arise  concerning  what 
becomes  of  an  arrested  force.  Science  has  not  yet  demon- 
strated that  all  forces  are  correlative ;  but  we  are  justified  in 
saying  that  forces  are  incessantly  at  work,  and  that  one  force 
only  ceases  from  doing  one  kind  of  work  by  becoming  occupied 
with  another  kind  of  work.  We  recognize  a  force  by  what  it 
is  doing,  or  has  done,  and  we  give  names  which  designate 
distinct  actions,  although  they  may  become  erroneous  if  sup- 
posed to  designate  totally  distinct  causes.  The  mechanical 
force  displayed  in  the  swift  journey  of  a  cannon-ball  to  a  target^ 
disappears  when  the  object  has  been  struck,  and  the  ball 
brought  to  rest ;  but  it  has  developed  great  heat,  and  altered 
its  own  internal  state,  and  also  that  of  the  target,  in  addition 
to  the  visible  effects  of  crushing  and  penetration. 

Nature  is  full  of  practical  equations.  A  small  body, 
moving  quickly,  equals  in  force  and  can  counterpoise  a  larger 
body  moving  with  proportional  slowness.  There  are  innu- 
merable appUcations  of  this  law ;  but  all  are  readily  compre- 
hensible, provided  the  manner  in  which  a  lever  operates  is  first 
understood.  Ignorance  first,  aud  familiarity  afterwards,  pre- 
vents the  importance  of  these  simple  facts  from  being  per- 
ceived ;  but  it  is  not  too  much  to  say,  that  human  existence  and 
civilization  would  be  alike  impossible,  if  small  quantities  of 
matter  could  not  be  made  to  balance  large  quantities  of  matter, 
or  large  quantities  made  to  balance  small  quantities,  by  propor- 
tioning the  quantity  of  motion  imparted  to  each  in  a  given 
time.  Dr.  Amott  puts  the  question  very  simply,  in  explaining 
that  the  '^apparent  paradox  of  a  weight  of  one  pound  at  the  end 
of  abeam  being  rendered  through  such  medium  equal  in  effect 
to  four  pounds  placed  nearer  the  centre,  is  solved  by  reference 
to  the  nature  of  inertia  and  motion.  The  same  amount  of 
force  which  gives  any  certain  velcy^ity  to  four  pounds  is  just 
that  required  to  give  four  times  that  velocity  to  one  pound ; 
and  owing  to  the  connection  of  the  two  weights  through  the 
beam,  no  motion  downwards  by  gravity  can  occur  in  the  four 
pounds,  without  causing  a  motion  upwards  just  four  times  as 
great  in  the  one  pound.'' 

The  term  inertia  has  been  so  long  in  use,  that  there  is  little 
chance  of  getting  rid  of  it;  but  it  tends  to  give  a  false  idea, 
which  sometimes  clings  to  a  student's  subsequent  thoughts. 
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A  body  that  does  not  move  because  the  forces  acting  upon  it 
are  balanced,  is  not  inert  in  any  proper  sense  of  the  worcL  If 
it  be  a  ball  resting  on  the  table^  it  tends  towards  the  earth's 
centre  by  an  active  gravitation  thereto,  and  it  does  not  go 
through  the  table,  simply  because  the  cohesion  of  the  wood  is 
greater  than  the  force  by  which  it  is  pressed  downwards.  A 
piece  of  thin  paper  held  on  stretch  will  support  a  billiard  ball, 
but  a  pound  weight  would  go  through  it.  K  a  body  is  still,  it 
is  so  because  the  forces  that  act  upon  it  balance  each  other, 
and  it  will  move  if  a  fresh  quantity  of  force  be  added,  by  whicb 
it  is  overbalanced  in  any  direction.  In  teaching  mechanics,  it  is 
advisable  that  this  truth  should  be  borne  in  mind,  and  that  the 
pupil  should  know  that  the  word  inertia  by  no  means  expresses 
the  actual  state  of  the  case. 

The  capacity  to  be  of  service  in  the  concerns  of  practical 
life  depends  a  good  deal  upon  an  acquaintance  with  the  ele<- 
ments  of  physics,  and  without  that  knowledge  it  is  impossible 
to  make  sufficient  advance  in  any  other  science  to  afford  either 
profit  or  delight.  And  yet  hundreds  of  schools  still  exist,  at 
which  boys  and  girls  may  pass  seven  or  fourteen  years  without 
knowing  the  difference  between  a  pulley  and  a  screw !  For 
private  famiUes  the  means  of  pleasurable  instruction  are  sup- 
plied by  Dr.  Amott's  book.  It  should  be  read  a  chapter  at  a 
time,  and  the  various  experiments  performed  with  articles  that 
exist  in  every  house.  Pieces  of  stick  will  make  levers ;  every- 
body can  get  a  common  carpenter's  screw ;  a  cotton  reel  is  a 
pulley ;  a  teapot  teaches  hydrostatics,  because  the  small  column 
in  its  spout  is  able  to  balance  the  big  column  in  the  vessel 
itself;  it  will  also  teach  some  hydraulics,  because,  with  a  given 
inclination,  it  will  discharge  its  contents  quicker  when  full,  than 
when,  from  being  partly  empty,  the  level  of  the  source  of 
supply  is  not  so  much  above  the  point  of  exit  as  in  the  former 
case,  and  consequently  the  pressure  is  less.  The  habit  of 
understanding  the  scientific  principles  that  operate  in  daily 
concerns  is  an  invaluable  one.  It  is  astonishing  that  men  have 
lived  so  long  in  the  world,  and  that  the  most  civilized  nations 
are  only  beginning  to  find  out  that  it  is  desirable  to  know 
something  about  it.  Without  some  knowledge  of  physics  and 
chemistry,  without  microscopes  and  telescopes,  the  mind  is  half 
starved,  because  so  little  of  nature's  operations  is  understood ; 
and  there  remains  a  great  gulf  of  separation  between  the  in- 
structed few  and  the  uninstructed  many.  Far  better  would  it 
be — and  happily  not  now  difficult  or  costly — ^for  the  average 
cultivation  of  youth  to  be  carried  at  least  as  far  as  the  rudiments 
of  positive  knowledge  in  the  departments  we  have  specified,  and 
then  the  capacities  of  society  for  utility  and  enjoyment  would 
be  a  miUion-fold  increased. 
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THE  MOON.     PLANETS  OF  THE  MONTH.     DOUBLE 

STAR.    OCGULTATIONS.^ 

BY  THE   REV.   T.   W.   WBBB,    M.A.,    F.R.A.S. 
INDEX-MAP  OP  THE  MOON. 

Thb  acoompanymg  diagram  of  the  moon  is  not  intended  as  a 
pictorial  representation  of  the  surface  of  our  satellite^  but  as 
a  guide  to  the  position  of  the  more  conspicuous  spots  or  inte- 
resting regions;  and  beyond  this  it  makes  no  pretensions.* 
From  the  prindple  of  selection  which  has  been  adopted^  it  is 
hoped  that  it  will  be  less  perplexing  to  the  amateur  who  is 
commencing  the  study  of  our  satellite^  than  if  it  were  a 
crowded  reduction  of  a  larger  map ;  and  while  it  will  assist 
him  in  acquiring  the  nomenclature  of  the  principal  features^  its 
more  express  object  will  be  to  enable  him  to  identify  the  posi- 
tion of  the  details  which  it  is  intended  to  describe  successirdy 
in  ftiture  papers.  It  has  been  divided  into  two  halves,  in 
order  to  avoid  the  inconvenience  of  folding ;  and  bisection  in 
an  E.  and  W.  direction  has  been  preferred  to  the  more  natural 
one  firom  N.  to  S.,  as  interfering  with  much  fewer  objects. 
This,  however,  has  entailed  the  necessity  of  turning  the 
diagram  on  its  side,  that  it  may  present  an  aspect  similar  to 
that  of  the  full  moon  in  an  inverting  telescope.  The  grey 
plains,  or  so-called  seas,  are  distinguished  by  Roman  capitsd 
letters,  the  craters  and  moantains  by  Arabic  numerals,  corres- 
ponding with  the  accompanying  list,  which,  it  will  be  observed, 
has  been  so  arranged  as  to  bring  the  designation  as  nearly 
opposite  as  may  be  to  the  spot  to  which  it  belongs.  The  great 
work  of  Beer  and  Madler  being  adopted  as  the  standard 
authority,  their  order  has  been  followed  in  the  distribution  of 
the  numbers,  though  its  appropriateness  may  not  be  in  every 
instancja  as  apparent  as  might  be  wished.  The  student  is  re- 
commended to  pa^"  especial  attention  to  the  situation  of  the 
points  of  the  compass,  which  differs  materially  from  that 
recognized  almost  universally  in  terrestrial  maps.  The  reason  of 
this  peculiarity  will  be  clear  if  the  diagram  is  turned  upside 
down ;  it  will  then  represent  the  full  moon  as  seen  on  the  me- 
ridian without  a  telescope,  and  the  designation  of  each  part  of 
the  lunar  disc  will  be  found  to  correspond  with  the  points  of  the 
terrestrial  compass  on  every  side.  This  semi-inversion,  which 
arises  from  our  standing  face  to  face  with  the  object,  and 
is  exactly  that  of  a  common  looking-glass,  or  a  front-view 

*  A  mach  more  complete  map,  twelve  inches  in  diameter,  containing  ererj 
■pot  included  in  the  nomenclature  of  Beer  and  M&dler  (404  in  all),  will  be  found 
in  ihB  author's  little  woric  entitled  CHestial  Ohjeeis  for  Common  TsUtcopn. 
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reflecfcor^  will  be  a  little  puzzling  at  firsts  and  sboald  be  tho- 
roughly mastered  in  order  not  to  get  bewildered  and  lose  oar 
way  in  following  the  description  of  details. 

We  are  nowiprepared  to  enter  upon  an  individual  examina- 
tion of  the  most  conspicuous  wonders  of  our  sateUite ;  a  few 
preliminary  remarks,  however,  may  be  expedient,  to  put  the 
student  in  possession  of  such  information  as  he  may  subse- 
quently find  useful.     With  regard  to  the  lunar  nomenclature, 
this,  though  now  reduced  to  a  settled  arrangement,  has  been 
formerly  subject  to    great  variation.     Hevel,  the  celebrated 
observer  of  Dantzig,  who  flourished  during  the  latter  half  of 
the  seventeenth  century,  was  the  first  to  designate  the  various 
regions  and  spots  by  names ;  these  he  derived  from  some  kind 
of  analogy  between  the  configurations  of  the  terrestrial  and 
lunar  surfaces — occasionally  a  tolerably  happy  one,  but  gene- 
rally speaking  very  inappropriate,  as  well  as  inadequate  to  meet 
the  future  requirements  of  advancing  knowledge.     His  suc- 
cessor, RiccioK,  though  an  inferior  observer,  improved  con- 
siderably upon  this  method,  by  the  adoption  of  HevePs  earlier 
idea,  which  had  been   abandoned  from  the  fear  of  apparent 
partiality,   and  which   consisted    in    the   employment  of  the 
names  of  eminent  scientific  men — among  these  taking  care  not 
to  forget  his  own.    He  changed,  at  the  same  time,  HevePs 
appellations  of  the  so-called  seas,  for  others  referring  to  sup- 
posed influences  exercised  by  the  moon  upon  the  atmosphere 
and  productions  of  the  earth,  and  altered  in  a  similar  way  those 
of  the  higher  districts  and  mountain  ranges ;  but  in  the  latter 
case  his  designations  have  fallen  into  disuse,  or  have,  in  a  few 
instances,  been  unable  to  supplant  the  earUer  ones.     Fortu- 
nately for  Riccioli^s  scheme,  it  is  of  an  elastic  character;  the 
constant  increase  in  the  number  of  scientific  names  admitting 
of  its  extended   application  in  proportion   to   the  increased 
number  of  spots  which  modem  accuracy  seeks  to  distinguish ; 
such  an  extension  is,  in  fact,  being  carried  out  at  the  present 
time  by  our   own  zealous  and  able  selenographer,  Mr.  Birt ; 
and  this  nomenclature  may  now  be  considered  as  established 
beyond  the  prospect  of  change.    As,  however,  it  would  be 
obviously  impossible  to  find  separate  designations  in  this  way 
for  all  the  objects  which  require  to  be  identified,  Schroter 
introduced  the  use  of  the  letters  of  the  Roman  and  Greek 
alphabets  for  the  minor  details  in  each  of  his  ^' selenotopo- 
graphical^'  plates ;  and  this  plan  has  been  reduced  by  Beer  and 
Madler  to  a  regular  system,  which  it  may  bo  desirable  to  ex- 
plain in  this  place,  as  their  letter-press  is  not  always  in  the 
hands  of  the  possessors  of  their  map.     Every  object  which  has 
no  proper  name  is  referred  to  the  nearest  spot  so  designated ; 
if  a  mountain,  it  is  indicated  by  a  Greek,  if  a  hollow,  by  a  Latin 
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letter  subjoined  to  the  name  of  the  principal  spot;  capital 
letters  are  employed  for  points  whose  position  has  been  deter- 
mined by  measurement^  smaller  ones  for  such  as  are  filled  in  by 
the  eye ;  these  letters  standings  especially  when  so  required, 
on  the  side  of  the  object  next  to  the  spot  whence  it  is  named ; 
and  the  alphabetical  succession  being  determined  by  the  rela- 
tive  conspicuousness  of  the  features  when  best  seen.  The 
system  is  an  ingenious  one,  but  not  in  all  cases  easy,  or  clear, 
in  its  application.  A  more  comprehensive  and  umversally 
available  mode  of  designating  every  spot  worthy  of  notice  on 
the  lunar  disc,  is  understood  to  be  in  the  course  of  preparation 
by  Mr.  Birt,  and  will  be  a  great  acquisition  to  astronomers. 

In  order  to  be  able  to  give  some  verbal  description  of  the 
features  of  the  moon,  as  well  as  to  assist  the  investigation  of 
supposed  changes,  it  is  material  to  employ  a  scale  of  bright- 
ness, in  which  the  different  degrees,  though  depending  of 
necessity  upon  mere  estimation,  are  expressed  by  numbers. 
Schroter  and  Lohrmann  employed  a  scale  of  ten  degrees  for  this 
purpose,  and  have  been  followed  by  B.  and  M.,  who,  making 
the  absolute  shadows  =  0,  assign  1°  to  3*^  to  the  dark  grey 
districts,  4**  and  5*  to  the  lighter  grey,  6*  and  7*  to  the  white 
regions,  and  8*  to  10'  to  the  ghttering  spots.  1°,  9',  and  10"* 
are  of  infrequent  occurrence.  2°  and  3*  denote  the  common 
tone  of  the  "  maria,^'  4"*  to  6*  that  of  the  brighter  landscapes, 
4*  to  T  the  rings  of  most,  and  the  interiors  of  many  craters, 
6',  T,  and  S**  express  the  brightness  of  many  peaks  and  ridges ; 
but  it  is  remarked  by  B.  and  M.  that  these  are  never,  generally 
speaking,  the  most  elevated  points  in  the  district. 

It  is  not  very  probable  that  many  of  our  readers  would  wish 
to  undertake  the  measurement  of  the  heights  and  depths  of  the 
surface.  The  task  would  not  only  be  a  somewhat  troublesome, 
but  to  a  considerable  extent  a  superfluous  one,  as  it  has  abeady 
been  performed  with  much  accuracy  by  Beer  and  Madler,  in  no 
less  than  1095  cases,  comprising  most  of  the  principal  and  con- 
veniently accessible  features  of  the  moon.  Many  of  their 
results  will  be  found  in  the  following  papers  j  but  they  will  be 
given  in  round  numbers,  as  the  extreme  preciseness,  extending 
even  to  single  toises,  with  which  they  are  specified  by  those 
authorities,  has  of  course  no  other  value  than  that  of  showing 
the  carefulness  of  the  observation.  As  aU  these  measures  are 
determined  by  the  lengths  of  shadows,  a  trifling  difference,  as 
to  which  we  have  very  little  means  of  judging,  in  the  level  of 
the  ground  where  the  shadow  terminates,  will  have  so  great  an 
influence  on  the  final  result,  that  no  such  exceeding  accuracy  is 
possible.  No  doubt,  much  might  yet  be  done,  if  it  were 
thought  desirable  to  obtain  more  perfect  correctness,  by  taking 
the  average  of  many  measures,  obtained  at  different  times  from 
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different  lengths  of  shadow;  and  should  any  observer^  pos- 
sessing a  good  micronieter>  and  facility  in  the  use  of  it^  wish  to 
offer  such  a  contribution  to  selenography,  he  will  find  all  the 
necessary  formulae  in  Der  Mond  (The  Moon)  of  Beer  and 
M&dler. 

As  to  the  instrument  to  be  employed,  many  of  the  lunar 
features  are  so  conspicuous,  that  any  good  telescope  will  suffice 
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[The  above  diagram  of  the  Mare  Crisinm  contains  the  principal  featarea  in  ilie 
map  of  B.  and  M. ;  the  portion,  howeyer,  eurrounded  by  a  dotted  line  is 
altered  to  correspond  with  my  own  obserrations.] 

to  show  them.  Of  course,  a  larger  instrument  would  be  pre- 
ferable; but  even  a  2-inch  object-glass  with  a  good  astro- 
nomical eye-piece  will  reveal  wonders  enough  to  be  a  constant 
source  of  interest.    In  the  case  of  a  very  large  aperture  and  an 
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eye  stesitiye  to  light,  much  comfort  may  be  experienced  from 
the  adoption  of  a  screen-glass,  such  as  is  nsed  for  solar  observa- 
tions, but,  of  course,  of  a  much  lighter  hue  :  a  pale  green  has 
been  recommended  by  Challis  as  very  suitable.  High  mag- 
nifiers are  seldom  of  much  value;  they  contract  the  field 
unpleasantly,  and  increase  the  apparent  motion  of  the  object, 
unless  a  driving-power  is  at  hsund.  From  100  to  300  times 
may  be  mentioned  as  most  generally  serviceable.  Beer  and 
Madler  never  exceeded  the  latter  in  their  original  investigation 
with  an  aperture  of  nearly  4^  inches,  though  Madler,  after 
succeeding  W.  Struve  at  Dorpat,  employed  powers  of  600  and 
even  1100*,  with  the  great  achromatic  of  9*6  inches,  in  that 
observatory. 

We  begin  with  one  of  the  most  familiarly-known  spots, 
the— 

MABE  CGKISIUM. 

The  remarkably  well-defined  grey  plain,  marked  A  in  our 
Index -map,  has  received  from  BiccioH  the  name  of  Mare 
Crisium,t  "  the  Sea  of  Crises,^'  by  which,  as  there  is  nothing 
of  an  astrologico-potitical  character  in  Ids  nomenclature,  he 
probably  meant  changes  of  weather ;  and,  if  so,  has,  as  far  as 
he  could,  commended  it  to  the  especial  attention  of  English 
astronomers.  It  is  so  distinctly  and  strongly  bounded  as  to  be 
always  easy  of  identification,  lying  near  the  W.  limb,  and  not 
far  N.  of  the  lunar  equator :  and  we  cannot  wonder  at  the  im- 
pression of  the  earlier  observers,  who  imagined,  in  such  a 
striking  level,  the  exact  counterpart  of  a  terrestrial  sea,  or 
great  lake  encircled  by  a  rampart  of  mountains.  Such,  how- 
ever, was  not  the  full  conviction  of  Hevel,  though  he  adopted 
the  name  as  the  closest  approximation  that  he  could  find ;  and 
such  an  idea  will  not  be  revived  in  the  present  day,  so  multiplied 
and  so  distinct  are  the  roughenings  of  the  surface  which  modem 
instruments  will  show,  and  so  clear  the  view  into  the  depths  of 
craters,  which  would  be  the  chief  receptacles  of  any  fluid  exist- 
ing there.  J  The  '^  Mare  '^  before  us  is  evidently  a  very  inte- 
resting one;  its  obtique  position,  however,  subjects  it  to  so 
great  a  foreshortening  that  its  interior  is  studied  to  much  less 
advantage  than  if  it  occupied  a  more  central  situation.  From 
its  nearness  to  the  edge  of  the  disc  its  apparent  form  is  much 

*  These  were,  howeyer,  probably  rnueh  ezag^rated.  Encke  found  that  the 
600  power  on  a  rimilar  acnromatio  at  Berlin,  l^  the  same  maker,  proved  to  be 
only  400  bj  the  dynameter. 

t  Certainly  little  imagining  that  any  future  astronomer  would  ever  quote  its 
genitive  case  as  '*  Mare  Oriaii,"  which,  howcTcr,  B.  and  M.  have  done  in  one 
inataneCf  p.  194. 

X  Arago»  howerer,  thinks  this  inference  not  conclusive,  as  the  uneven,  craggy 
bottom  of  our  oceans  may  be  distinctly  seen  from  a  great  height.  It  might  be 
added  that  fresh  water  would  be  still  more  translucent 
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affected  byUbration;  its  measure  firom  E.  to  W.  varying  at 
different  times  from  0*6  to  0*8  of  that  from  N.  to  S.  Its 
general  appearance  is  that  of  an  irregular  oval  extended  along 
ike  lunar  meridian,  and  we  should  not  have  supposed,  from 
mere  inspection,  that  in  consequence  of  the  perspective  fore- 
shortening it  is  actually  elliptical  the  opposite  way,  its  longer 
axis  pointing  towards  the  eye,  or  more  correctly  from  W.S.W. 
to  E.S.E.  of  the  lunar  compass.  In  this  direction  it  extends 
nearly  354  English  miles ;  from  N.  to  S.  about  280  miles,  or 
about  the  distance  from  London  to  Newcastle.  Its  area  is 
about  78,000  square  miles,*  nith  part  of  the  visible  hemis- 
phere of  the  moon,  ten  times  the  surface  of  Yorkshire  and 
Lancashire  united,  or  a  Uttle  more  than  half  as  much  again  as 
the  area  of  England  and  Wales,  though  of  a  very  dissimilar 
form.  Of  this,  however,  only  ^ths  can  be  considered  level. 
Its  border  is  not  everj-where  continuous,  being  interrupted  in 
some  places,  especially  towards  the  W.,  on  wmch  side  narrow 
arms  or  straits  penetrate  the  mountains,  and  communicate  with 
smaller  grey  surfaces.  No  ^'  sea  ^'  is  equally  dark  in  compari- 
son with  its  mountain  boundaries,  having  generally  only  2"  to 
2^'  of  light,  grey  in  tone,  mingled  with  dark  green ;  but  the 
latter  colour,  according  to  B.  and  M.,  for  I  have  never  seen  it, 
is  perceptible  only  a  few  days  before  and  after  the  full  moon, 
with  a  large  aperture,  a  moderate  power,  and  very  favourable 
weather,  and,  except  near  the  Promontorium  Agai-um,  nowhere 
extends  to  the  W.  limit.  It  has  been  represented  by  Professor 
C.  Piazzi  Smyth,  in  his  three  general  views  of  this  surface, 
sketched  with  the  feeling  and  spirit  of  a  genuine  artist,  but 
entering  little  into  detail.  ^^  Practice  and  experience,^'  he 
says,  "brought  to  view  so  many  decided  and  interesting 
features  of  colour,'^  that  the  idea  of  employing  black  and  white 
alone  had  to  be  abandoned.  The  surrounding  region  ranks  as 
5°  of  light,  in  some  spots  rising  to  6°  and  7\  Mountains  en- 
compass it  all  round,  attaining  a  considerable  height  on  the 
NE.  side ;  here,  in  a  line  passing  through  Picard  A  and  B, 
B.  and  M.  have  measured  a  summit  of  13,300  feet,  and  further 
to  the  S.S.E.  others  of  7,150,  11,300,  and  6,700  feet;  these 
decline  at  once  precipitously  to  the  plain,  from  whidi  they 
must  exhibit  a  magnificent  spectacle,  and  over  which  they  must 
command  a  marvellous  prospect.  Such  views  are  of  frequent 
occurrence  in  the  moon,  and  the  rapid  rounding-off  of  so  com- 

*  Something  appears  to  hare  gone  wrong  here  in  the  text  of  B.  and  3£.,  a«, 
aatuming  their  length  and  breadth  to  be  correct,  the  area  they  hare  giyen  is  con- 
siderably  too  small.  I  have  corrected  this  ;  bat  am  sony  to  add  that  something 
has  gone  much  more  wrong  in  this  place  in  mj  little  book,  entitled  CeUtHdL 
OhjwUfor  Common  TeUtcopet,  where,  from  using  an  enoneons  multiplier,  I  have 
made  the  area  only  14,260  square  miles !  I  find|  howerer,  a  similar  nustaks  in 
Co9mo9t  ir.  492  (Bohn). 
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paratively  small  a  globe^  and  the  eliarpiiess  of  outline  and 
detail  consequent  upon  the  absence  of  a  vaporous  atmosphere, 
must  g^ye  them  an  effect  which  would  seem  yery  astonishing 
to  a  terrestrial  spectator.  Further  to  the  S.  this  E.  coast 
declines  to  a  kind  of  pass,  not  well  shown  by  B.  and  M.,  who 
admit  that  this  part  of  their  map  is  deficient  in  boldness,  but 
much  better  drawn  by  Schroter :  on  the  other  side  of  this  in- 
terruption the  mountains  rise  again,  and  on  the  S.  the  great 
summits  Picard  a  and  )8  spring  up  to  14,200  and  15,600  feet, 
rivalling  our  loftiest  Alpine  peaks;  beyond  these  the  great 
headland,  named  Promontorium  Agarum  by  Hevel,  runs  out  into 
the  plain  with  a  rounded  summit  nearly  11,000  feet  in  height, 
supported  by  cliffs  8'  bright  a  few  days  after  the  full,  when  they 
are  most  directly  enlightened.  Birt  has  detected  a  crater  upon 
it.  In  this  direction  broad  bays  and  ''  fiords ''  penetrate  the 
mountain  border  towards  the  S.,  and  in  the  young  crescent  are 
filled  with  shade.  The  W.  edge  of  the  ''  Mare ''  is  less  boldly 
defined  between  the  craters  Condorcet  and  Eimmart,  and  is  made 
up  of  hillocks  and  ridges,  intermixed  with  isolated  mountains, 
like  lofty  islands  in  the  sea. 

Ifc  was  among  these  that  Schroter  found  a  distinct  and  always 
recognizable  crater,  abouttwenty-threemiles  in  diameter,  remark- 
able for  its  dark  grey  colour  under  every  angle  of  illumination, 
to  which  he  gave  the  name  Alhazen,  and  which,  from  its  proxi- 
mity to  the  W.  limb,  he  continually  used  for  the  purpose  of 
measuring  the  libration.  Having  thus  had  it  constantly  before 
his  eyes,  he  was  the  more  surprised  at  its  variable  aspect :  at 
first  it  was  a  depressed  grey  surface  within  a  ring;  then 
frequently,  and  even  in  the  2  7 -foot  reflector,  like  a  longish  flat 
ridge,  and  these  appearances  were  interchangeable ;  sometimes, 
too,  while  the  neighbouring  objects  were  as  sharp  as  usual,  it 
would  be  so  indistinct  that  '^he  did  not  know  what  to  make  of 
it:''  and  on  one  occasion  (1797,  March  1),  after  ten  years  of 
observation,  when  libration  was  most  unfavourable,  as  having 
carried  its  W.  edge  to  within  28"  of  the  limb,  and  the  ter- 
minator had  crossed  over  to  the  other  side  of  the  "  Mare,'' 
and  it  consequently  ought  to  have  been  very  ill  seen,  he  found 
it  extraordinarily  distinct:  its  form,  however,  was  one  pre- 
viously entirely  unknown,  that  of  a  very  deep  bright  irregular 
crater,  whose  ring  was  barely  complete  towards  the  S.,  and 
open,  with  a  prolongation  of  its  E.  edge,  at  the  opposite  end. 
The  cause  of  this  difference,  he  thought,  must  lie  in  some  modi- 
fication of  the  lunar  atmosphere,  such  as  he  believed  that  he 
could  trace  in  many  instances,  which  would  be  capable  of 
masking  the  depths  of  a  crater,  and  giving  it  a  grey  and  flat 
aspect,  or  changing  altogether  its  appearance.  In  Bode's 
Jahrbuch  for  1825,  Kunowsky,  an  accurate  observer,  asserted 
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that  Alhazen  was  no  longer  to  be  found  under  any  form^  and 
that  the  region  seemed  quite  different ;  nor  did  B.  and  M. 
come  to  any  other  conclusion.  They  could  discover  no  ring- 
shaped  mountain  there — on  the  contrary^  an  abundance  of 
partly  isolated,  partly  connected  hiUs  and  mountains,  and  long, 
dark,  curved  valleys  and  bays ;  so,  knowing  the  "  great  uncer- 
tainty ''*  of  Schroter's  drawings,  they  fixed  upon  a  crater  con- 
siderably further  S.  to  bear  the  name,  as  it  seemed  to  corres- 
pond best  with  Schroter^s  object.  On  the  other  hand,  Pastorff 
and  Harding  stated,  in  the  Jahrbuch  for  ]  827,  that  they  could 
always  see  Alhazen;  and  Kohler,  under  the  year  1828,  asserts  that 
it  has  not  disappeared,  but  is  very  variable  in  aspect ;  and  he  has 
given  several  fi^  showing  that  it  corresponds  ynik  B.  and 
M.'s  Alhazen  a,  the  loftiest  mountain  in  the  region,  7700 
feet  above  the  valley  to  the  W.  On  the  E.  side  of  this  height, 
between  it  and  some  low  ridges,  lies  a  deep  hollow,  with  open- 
ings to  the  "  Mare,"  the  colour  of  which  varies  with  its  illu- 
mination, while  the  mountain  itself  might,  from  its  shape, 
sometimes  take  the  aspect  of  a  ring.  And  with  this  B.  and 
M.  seem  satisfied,  notwithstanding  their  having  changed  the 
name.  At  the  commencement  of  1862,  Birt  recovered  this 
spot,  exactly  in  the  position  given  by  Schroter,  and  has 
described  it  in  detail  as  a  deep  valley  between  two  mountain- 
ranges,  of  which  the  W.  (a  of  B.  and  M.)  is  much  the  higher : 
these  are  quite  separate  at  their  S.  end,  but  under  many  cir- 
cumstances are  barely  distinguishable  from  the  ring  of  a  crater. 
On  the  E.  side  of  Alhazen,  where  Birt  perceived  one  or  two 
minute  craters,  Gruithuisen  fancied  that  certain  rows  of  hillocks 
might  contain  the  habitations  of  Selenites  !  and  here,  too,  he 
noticed  rapid  changes  from  bright  to  grey  under  increasing 
sunshine,  which,  being  contrary  to  photometrical  principles, 
he  was  disposed  to  refer  to  cultivation.  Fanciful  and  absurd 
as  his  speculations  often  are,  we  should  not  do  right  in  syste- 
matically rejecting  his  facts,  some  of  which  may  be  worthy  of 
further  investigation. 

*  That  there  is  occtsional  cause  for  this  oensure  need  not  be  denied,  though 
coanenesB  and  rudeness  of  delineation  would  be  a  more  appropriate  characteristic. 
Bat  still  the  old  Hanoverian  astronomer  was  far  from  always  deserving  the  dis- 
paraging remarks  of  his  sacce9Sor8.  For  instancei  thej  have  brought  it  as  a  charge 
against  nim  that  he  drew  the  Mare  Orisiumf  '*  with  all  its  environs,"  in  a  single 
evening,  and  has  given  it  a  bordering  so  unlike  the  truth,  that  it  is  scarcely  suiB- 
cient  for  its  recognition  (a  bold  and  strange  assertion),  and  is  quite  useless  for  the 
identification  of  details ;  and  thej  ask  how  it  is  possible  on  such  data  to  found 
ideas  as  to  the  exiitenoe  of  atmospheric  or  volcanic  changes.  It  would  hardly  be 
supposed  that  Schroter's  own  expressions  are,  that  as  a  single  evening  is  too  snort 
for  the  examination,  meaturement>  and  delineation  of  such  a  region,  and  it  would 
be  wrong,  and  misleading,  to  piece  together  separate  drawings  taken  under  dif- 
ferent circumstances,  his  sketch  is  expressly  confined  to  the  interior  level,  and  the 
remarkable  objects  in  the  mouotain  border,  but  that  the  latter  is  merely  laid  down 
in  a  general  way. 
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The  grey  interior    plain    contains  many  irregularities   of 
snrface,  of  which  the  principal  is  a  crater  called  Picard,  at  least 
twenty-one  miles  in  diameter.      Twenty^(me  miles !    what   a 
scale  this  gives  the  lunar  student  in  gazing  at  this  marvellous 
landscape !     A  spectator  stationed  kere  would  see  the  earth 
like  a  great  globe,  between  three  and  four  times  of  the  ap- 
parent size  of  the  moon  to  us,  standing  at  an  elevation  of  about 
^  in  its  W.S.W.  sky,  passing  through  all  the  varied  phases 
of  the  moon,  and  only  shifting  its  place  a  little  in  consequence 
of  libration.     The  sun,  on  the  contrary,  readies  74'  to  77*  of 
altitude  at  noon,  and  the  interior  hollow  is  for  120h.  a  shadow- 
less and,  as  we  should  suppose,  an  oppressively  burning  basin. 
It  is  surrounded  by  a  tint  somewhat  cUurker  than  that  of  the  rest 
of  the  plain,  above  which  its  W.  wall  ascends  8050  feet,  but 
5300  above  the  bottom  of  the  crater.      Schroter  has  given  the 
latter  at  least  3000  feet  more,  but  no  measures  can  be  trusted 
taken  under  so  unfavourable  an  angle.     The  smaller  craters, 
Picard  A  and  B,  are  steeper  and  deeper,  and  retain  almost  all 
their  shadow  when  it  is  quitting  their  more  imposing  neighbour. 
Within  the  line  of  the  E.  coast  He  several  high  mountains, 
either  isolated  or  connected  by  low  ridges,  as  is  frequently 
observed  in  the  moon.     These  are  so  ill-represented  in  the 
great  map  of  B.  and  M.  that  they  have  given  a  special  drawing 
with  the  letter-press,   full   of  minute  detail.      like  all  their 
delineations  towards  the  limb,  it  suffers  materiaUy  in  effect 
from  the  attempt  to  represent  both  sides  of  every  mountain  as 
in  a  bird's-eye  view,  when  one  side  only  is  visible  in  per- 
spective.     It  would  not,   indeed,  have  been  practicable  to 
avoid  this,  while  persevering  consistently  in  the  conventional 
style  adopted  in  maps  ;  but  the  result  is  unfavourable  in  all 
situations  lying  obliquely  to  the  eye.     Independently  however 
of  this  awkwardness,  for  which  the  observer  must  learn  to 
make  allowance,  I  am  obliged  to  remark  that  I  cannot  succeed 
in  reconciling  it  with  what  I  have  seen  in  the  same  region,  and 
have  roughly  indicated  in  the  accompanying  diagram.     One  of 
these  mountains  which  B.  and  M.  have  designated  e  (affixing  the 
letter,  however,  in  their  large  map  not  to  the  proper  object,  but 
to  a  mountain  about  J«  N.N.W.),  terminates  a  low  serpentine 
ridge  running  up  from  the  crater  Picard  d,  and  contains,  beneath 
its  summit  (the  loftiest  point  in  the  neighbourhood,*  5500  feet 
above  its  W.  base),   a  distinct   crater,   first   represented    by 
Cassini ;  of  the  existence  of  this  there  is  no  question  :  but  its 
W.  is  so  much  higher,  broader,  and  brighter  than  its  E.  wall 

*  Sohrdter  howerer  rates  it  differently.  He  gires  it  4962  feet,  bat  thinks 
«ome  of  its  neighbours  higher.  I  hwe  iJso  noticed  it  not  casting  the  longest 
shadow ;  but  in  this  there  is  maoh  nnoertainty,  for  want  of  an  oniforml/  level 
base. 
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that  under  many  angles  of  illumination  it  assumes  the  appecur- 
ance  of  a  long  mountain  ridge.     Such    is  the  explanation 
offered    by  B.    and  M.    (after   Kunowsky)   of   the    singular 
changes  in  form  and  shading  which  long  perplexed  Schroter, 
and  which  led  him  to  infer  atmospheric  if  not  volcanic  changes  ; 
and  it  seems  probable  that  in  this  instance  the  more  modem 
astronomers  have  the  best  of  the  ar^ment.     The  question 
however  is  not  altogether  clear.     Schroter's  observations  upon 
this  group  of  mountains  are  too  numerous  to  be  recited  here  > 
they  refer  chiefly  to  the  varied  appearance  of  shadows,  longer, 
shorter,  imperceptible,  or  unusually  directed,  at  different  times, 
but  under  nearly  similar  angles  of  illumination ;  to  unaccount- 
able changes  in  the  forms  of  mountains ;  and  to  the  discovery, 
and    subsequent   invisibility,    of  ridges   or  hillocks  in  weU- 
known  and  often  observed  situations.      There  can  be  no  doubt 
that,  as  he  was  himself  aware,  a  slight  difference  in  the  con- 
ditions of  illumination  and  reflection  may  produce  a  very  dis- 
proportionate change  of  aspect;  still,  there  is  much  weight  in 
his  remark  that  this  must  not  be  pushed  too  far,  or  we  should 
find  similar  variations    occurring  from  the  moon's  progress 
during  the  course  of  a  single  observation  extended  through 
several  hours,  which  has  never  yet  been  found  to  take  place. 
To  one  source  of  error  he  was  perhaps  not  sufficiently  alive — 
the  increased  perception  of  the  true  nature  of  a  distant  or 
obscure  object,  in  proportion  as  it  becomes  familiar  to  the  eye. 
It  certainly  does  not  seem  at  all  likely  that  the  crater  e  was 
ever  seen  in  actual  eruption  by  Schroter,  as  he  was  inclined  to 
suppose ;  but  we  must  bear  in  mind  that,  as  eruptions  of  some 
kind — ^whatever  that  kind  may  be — must  have  taken  place  upon 
the  moon  times  without  number,  there  is  no  antecedent  impos- 
sibility in  such  an  idea.     It  must  be  admitted  that  the  region 
is  a  curious  one,  and  well  adapted  for  an  inquiry  which  may  be 
worth  the  while  of  future  observers,  whether  all  these  variations 
are  due  solely  to  differences  of  illumination  and  libration,  or 
whether  there  may  be,  as  Schroter  supposed,  occasional  modi- 
fications of  a  lunar  amosphere,  capable  under  certain  circum- 
stances of  impeding  or  perverting  our  view ;    and  it  would  be 
unphilosophical  and  unwise  to  allow  the  greater  probability  of 
the  former  alternative  to  stifle  the  inquiry.     In  order  to  bring 
out  of  it  any  successful  result,  Schroter's  observations  would 
lead  us,  not  merely  to  note  the  aspect  of  the  crater  e  in  all 
positions  relative  to  the  sun  and  earth,  but  also  to  examine  the 
proportionate  lengths  of  the  shadows  of  the  other  mountainB 
in  tne  group,  and  the  first  and  last  appearance  of  their  summits 
at  the  time  of  lunar  sunrise  or  sunset.     My  own  observations 
have  not  been  sufficiently  consecutive  to  be  of  real  service  in 
establishing  anything.      To  the  general  reader  much  that  ha& 
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been  bere  brought  forward  may  appear  of  trifling  interest^  but 
as  there  is  reason  to  believe  that  selenography  is  now  receiving 
a  powerful  impulse^  it  may  be  useful  to  the  student  to  know 
what  difficulties  and  uncertainties  may  attend  his  own  path^ 
and  what  has^  or  has  not^  been  done  to  remove  them.  He  will 
not  regret  having  made  acquaintance  with  them  at  his  first 
essay. 

We  must  not  omit  some  other  curious  observations  which 
include  a  more  extended  range.  Such  was  that  of  Schroter^ 
who  upon  one  ocasion^  when  the  moon  was  2d.  23h.  old^  found 
the  whole  W.  portion  of  the  "  Mare  '^  imusually  bright,  and 
of  a  yellowish  hue,  so  as  scarcely  to  be  distinguished  from  its 
mountain  border ;  this  appearance,  unprecedented  here,  or  in 
any  similar  level,  fading  away  entirely  into  the  ordinary  grey  on 
the  opposite  side  of  the  plain.  At  another  time,  the  moon^s  age 
being  6d.  7h.,  he  saw  "  an  incredible,  innumerable  multitude'^  of 
bright  specks  in  the  grey  surface,  chiefly  in  places  where  no 
known  object  existed.  A  subsequent  examination  of  other 
grey  plains,  under  a  similar  incidence  of  Ught,  showed  him 
nothing  equally  remarkable.  More  than  two  years  afterwards, 
however,  under  a  very  diflerent  and  almost  vertical  illumination, 
the  moon  being  lid.  19h.  old,  the  scene  was  renewed;  the 
plain  was  so  interwoven  and  variegated,  like  the  veins  of  an 
animal,  or  an  irregular  tissue,  with  streaks  of  light,  and 
actually  innumerable  bright  points,  that  it  would  have  been 
difficult  for  the  most  skilful  artist  to  give  a  sufficiently  striking 
representation  of  such  a  magnificent  scene.  Two  days  after- 
wards this  beautiAil  effect  had  disappeared,  and  nothing  of  the 
kind  could  be  traced  in  the  Mare  Serenitatis  on  the  neighbour- 
ing levels,  where  the  sun  had  by  that  time  attained  a  corres- 
sponding  elevation.*  No  other  similar  instance  was  ever 
recorded  by  him;  but  the  following  from  B.  and  M.  (who 
characteristically  ignore  what  he  has  described)  was  evi- 
dently oue  of  the  same  nature.  The  moon  being  between 
lOd.  and  lid.  old,  they  noticed  that  the  greater  part  of  a  white 
streak  which  runs  from  Proclus  (No.  12  in  the  Index-Map) 
towards  Pica/rd  B  was  resolved,  through  an  area  of  230  miles  by 
28,  into  fully  150  points  of  light,  like  a  jet  of  water  dispersed 
into  spray — ^the  whole  plain  appearing  also  more  speckled  than 
usual.  I  was  once  (1832,  July  4)  so  fortunate  as  to  witness 
something  of  the  kind,  about  the  time  of  first  quarter,  when  the 
whole  plain,  notwithstanding  the  imperfection  of  my  instru- 
ment— a  fluid  achromatic  of  four  inches,  upon  Barlow's  plan — 
was  seen  beautifully  mottled  with  light  and  shade,  a  spot  at  the 
N.  extremity  nearly  rivalHng  the  brightness  of  Proclus.     It  is 

*  But  from  which  the  njs  would  be  refleoted  at  a  yerj  diflferent  angle  to  the 
•peotator— a  oircaiiutanoe  which  SchrOter  dOei  not  notice. 
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certainly  not  easy  to  acconnt  for  the  inArequency  and  unoer- 
tainty  of  such  observations.  B.  and  M.  conld  occasionally 
perceive,  in  very  clear  air,  a  multitude  of  the  minutest  points 
just  on  the  night-side  of  the  terminator,  indicating  a  surface 
less  perfectly  level  than  it  might  otherwise  appear.  They 
could  trace  also,  from  their  shadows,  ridges  of  about  60  feet 
in  height,  and  24  to  4  or  5  miles  wide.  There  are  many 
more  considerable  ridges  in  the  plain,  running  generally  from 
N.  to  S.,  branching  and  reuniting,  rising  to  knolls  at  their 
intersections,  and  sometimes  enclosing  circular  hollows.  The 
remarkable  peculiarity  to  which  Schroter  paid  so  much  attention, 
as  existing  everywhere  in  the  moon,  that  these  ridges  form 
lines  of  communication  between  more  conspicuous  objects,  is 
not  without  examples  here. 

A  few  other  features  remain  to  be  described.  Olbers  dis- 
covered, with  a  3i-inch  Dollond,  in  1794,  two  minute  craters 
between  Picard  and  Condorcet.  Five  more  of  very  trifling  depth 
are  mentioned  by  B.  and  M.  in  the  same  region,  but  not 
drawn,  having  been  detected  after  the  publication  of  this  part 
of  the  map.  The  Mare  CiHsium,  indeed,  is  executed  altogether  in 
an  inferior  way,  as  though  it  had  been  an  early  attempt.'  They 
have  omitted  a  few  minute  craters  figured  by  Schroter  near  tiie 
W.  and  N.  border;  and  many  of  these  objects  are  of  such  dif- 
ficult visibility  that  discrepancies  must  here  cause  no  surprise. 
Nevertheless,  insignificant  as  they  may  appear,  they  are  of 
much  value  to  the  selenographer,  as  they  admit  of  close  com- 
parison with  regard  to  relative  size,  and  consequently  afford 
an  especially  fair  prospect  of  discovering  the  progress — should 
it  exist — of  eruptive  action. 

Picard  d,  a  crater  discovered  by  Cassini  at  the  S.  end  of 
the  serpentine  ridge,  was  noticed  by  Schroter  to  be  of  extra- 
ordinary depth,  deeper  than  Picard,  from  its  long  retention  of 
shade.*  Immediately  S.  of  it  Kes  a  curious  object  first  per- 
ceived by  him,  an  ancient  looking  ring  with  a  central  mound, 
resembling  much  a  walled  plain — such  as  we  shall  be  introduced 
to  hereafter — ^in  a  state  of  degradation  and  decay.  He  could 
not  always  find  it  afterwards,  though  under  corresponding 
circumstances,  and  hence  was  led  to  infer  some  atmospheric 
obscuration.  Although  B.  and  M.  have  introduced  abundant 
details  in  this  district,  some  of  which  I  have  not  seen,  they 
failed  to  notice  that  the  curve  which  the  winding  ridge,  so  fre- 
quently mentioned,  forms  towards  the  E.  is  in  reality  the  half 
of  a  circle  (projected  of  course  as  an  ellipse),  of  which  I  have 
distinctly  made  out  the  remainder,  as  sketched  in  the  diagram. 

*  This  obserrer  has  noticed  that  many  of  the  smaller  claw  of  craters  are  so 
remarkable  on  this  account  that  there  is  caose  to  suspect  some  illusion,  as  true 
ahade  could  hardlj  remain  so  long.    I^his  maj  be  a  point  worth/  of  attention* 
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It  is  of  a  character  whicli  we  shall  not  unfrequently  meet  with 
in  our  lunar  travels,  resembling  a  bowl  nearly  faU  of  a  fluid 
into  which  it  is  obliquely  sinking ;  in  point  of  size  and  age  it 
seems  more  the  counterpart  than  is  represented  in  the  diagram, 
of  the  circle  already  mentioned  on  the  other  side  of  Picard  d. 
I  first  perceived  it,  1863,  Oct.  28,  and  have  since  repeatedly 
seen  it,  under  such  varied  incidence  of  light,  that  I  cannot 
doubt  its  reality,  or  understand  how  it  is  to  be  satisfactorily 
reconciled  with  B.  and  M's.  detail  here.  They  have  also 
omitted  two  very  minute  craters,  one  alittle  way  S.S.E.ofe,  where 
they,  Schroter,  and  myself  at  other  times  have  seen  an  eleva- 
tion ;  the  other  between  my  ring  and  Picard  d,  lying  apparently 
on  the  serpentine  ridge,  in  a  part  which  was  not  visible  when 
the  diagram  was  made,  but  is  readily  seen  under  the  opposite 
illumination.  The  pass  or  gateway  through  the  E.  mountains 
is  guarded,  as  I  have  several  times  noticed,  by  two  small  craters, 
both  seen  by  Schroter,  but  one  only  clearly  represented  by 
B.  and  M.  That  on  the  N.  side  was  not  perceived  by  the 
former  observer  till  after  he  had  had  the  spot  under  his  eyes  for 
more  than  three  years  ,•  yet  there  is  no  reason  to  suppose  it 
new ;  such  oversights  are  not  very  uncommon. 

B.  and  M.  have  remarked  it  as  a  singular  fact,  that  no  central 
hill  is  to  be  found  in  any  of  the  craters  in  or  around  this  great 
plain,  the  nearest  so  characterized  being  Taruntiics  and  Ma- 
crobiu8  (91  and  11  in  the  Index-Map),  if  we  except  a  feeble 
and  somewhat  uncertain  trace  in  Azout.  I  have,  however, 
entered  a  low  central  hill,  as  visible  in  Picard,  and  another 
more  distinct  in  Picard  A,  with  a  3^ -inch  aperture,  1834, 
Sept.  19 ;  and  with  my  present  telescope  I  distinctly  found, 
1863,  Oct.  28,  that  both  these  craters  have  interiors  rough 
with  hillocks,  especially  A,  which  has  an  irregular  mound  lying 
on  the  inner  slope  of  its  N.  end ;  the  effect  being  much  as 
though  masses  of  soft  mud  had  been  thrown  at  random  into 
the  interior.  Gruithuisen  states  that  near  Picard  some  re- 
markable white  ridges  are  to  be  seen,  in  part  as  straight  and 
regular  as  artificial  walls. 

In  consequence  of  the  great  differences  resulting  from 
libration,  no  certain  age  of  the  moon  can  be  mentioned  as  the 
most  suitable  for  the  study  of  this  region.  Opportunities  must 
be  carefully  watched  in  the  young  crescent  and  the  early  wane. 
A  grand  effect  is  produced  during  the  progress  of  the  lunar 
sunset,  when  the  great  boundary  mountains  on  each  side  of 
the  E.  gateway  fling  their  ponderous  shadows  to  the  termina- 
tor, inclosing  a  small  portion  of  the  plain,  which  still  enjoys 
the  declining  ray.  This  has  been  well  figured  by  Schroter, 
and  I  have  seen  it  3d.  4h.  after  the  full  moon. 
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PLANETS  OF  THE  MONTH. 

We  have  so  long  been  without  the  charm  of  planets  in  our 
evening  skies^  that  we  shall  hail  their  return  'with  pleasure 
during  the  present  month.  Jupiter  and  Saturn  have  now  come 
back  to  us.  Saturn  will  be  in  opposition  to  the  sun  on  April  4, 
and  therefore  on  the  meridian  at  midnight^  between  a  and  «/ 
Vvrginisy  but  some  way  N.  of  the  joining  line.  His  rising  will  be 
then  about  6ih.  The  ring  is  becoming  broader  every  season — 
its  proportions  being  now  about  43j"  by  29",  so  that  its  mar- 
vellous details  are  coming  fairly  into  view,  while  the  intersection 
of  its  outline  with  that  of  the  ball  renders  the  combined  form 
more  elegant  than  it  would  be  with  a  wider  opening.  Jupiter 
rises  later,  about  O^h.  in  the  middle  of  the  month,  and  has^ 
unfortunately,  a  considerable  S.  declination  among  the  stars  of 
Libra,  Those  who  are  interested  in  the  study  of  his  features, 
or  the  transits  of  his  satellites,  will  nevertheless,  no  doubt, 
attempt  to  renew  their  observations.  The  transits  before  mid- 
night will  be  the  following : — ^April  8th,  I.  will  leave  the  disc 
at  llh.  ^4m. — 10th,  the  shadow  of  U.  will  enter  at  llh.  12m., 
the  satellite  following  at  12h.  41m. — 15th,  I.  will  enter  at  llh. 
18m.,  its  shadow  being  already  on  the  disc. 

Mercury  will  be  at  his  greatest  E.  elongation  at  the  end  of 
the  month ;  and  though  not  in  the  most  favourable  part  of  his 
orbit,  the  great  eccentricity  of  which  makes  much  diflFerence, 
yet,  having  considerable  N.  declination,  there  will  be  a  chance 
of  his  being  fairly  visible  in  the  evening  twilight. 

DOUBLE  STAB. 
Saturn  will  be  lingering  so  near  one  of  these  objects  during 
this  month,  that  it  would  seem  stransre  not  to  include  it  in  our 
list.     It  will  be  found  a  little  sf  the  planet,  and  is — 

123.  5  Virginis.  Tl,  345'-2.  4*  and  9  (183M5).  Pale 
white  and  violet.  An  optical  pair,  rendered  triple  by  the 
addition  of  a  third  10  mag.  star,  at  65"  and  295".  It  is  a 
pretty  though  minute  object.  I  thought  the  closer  attendant 
greenish  or  bluish,  with  Scinches,  1856*35  ;  but  a  larger  aper- 
ture is  necessary  to  estimate  the  colour  of  such  feeble  points, 
and  I  have  not  examined  it  with  my  present  means. 

OCCULTATTONS. 
April  11th.  y?  Orionis,  6  mag.,  will  be  hidden  from  6h.  28m. 
to  7h.  38m.— 20th,  g  Virginis,  6  mag.,  from  8h.  40m.  to  9h. 
48m.— 22nd,  B.  A.  C.  4896,  6  mag.,  from  9h.  23m.  to  lOh.  25m. 
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THE  ESTINGUISHER  MOSSES. 

BT    X.    a,    CAKPBELL. 

Tbk  Sncalypta,  or  Extioffuialier  Mosses,  form  a  very  natural 
gronp,  which,  notwithstanding  the  extremely  variable  peristome, 
are  easily  distingoiahed  from  a\l  others  by  the  atructuro  and  com- 
parative size  of  the  calyptra,  which  is  cylindrico-campanulate 
below,  longer  than  the  capsule,  and  with  a  rather  long  roatnim, 
like  a  little  tower  or  rotmd  spire  at  the  apex,  while  at  the  base  it  is 
osually  fringed,  torn,  or  crenate,  and  is  persistent,  defying  wind 
and  rain,  and  falling  away  only  with  the  lid  when  the  spores  are 
perfectly  ripe.  These  spores  are  granular,  and  of  a  yellowiah- 
Drown  colour.  The  species  may  be  found  growing  on  dry  or 
moderately  moist  rocks,  and  on  walls  and  stones,  especially 
those  of  calcareous  origin.  The  stems  are  branched,  here  and 
there  beset  with  radicles,  erect,  bearing  terminal  seta,  and 
perennial ;  the  fmit-stalk  is  so  firm  and  tenacious  as  to  remain, 
on  the  stems  for  several  seasons.  The  generic  name  is 
derived  from  iv  in,  and  KaXvirro^,  coverwl,  shrouded,  or 
enveloped,  i.  e.,  covered  in,  in  allusion  to  the  persistent,  bell- 
shaped  calyptra  entirely  enclosing  the  capsule. 

The  most  generally  met  with  ia 
"Enrnhjipta  vulgaris,  or  the  common  «c- 
tingiiisher  moss,  of  which  we  give  a 
considerably  magnified  illustration, 
with  a  naked  capsule  still  more  magni- 
fied, and  having  on  its  lid,  with  long 
tapering  beak.  The  moss  may  be 
found  growing  on  stone  walls,  also 
on  banks  and  rocks,  especially  such 
as  are  of  calcareous  nature.  It  has 
rather  short  stems,  rarely  half  an 
inch  long,  but  branched  and  radi- 
culose.  Its  leaves  m^  erect,  more  or 
less  spreading,  and,  in  general,  more 
or  less  apiculate,  though  in  one  variety 
they  are  obtuse  and  concave  at  tho 
apex ;  the  mai^in  plane,  crennlate^  or 
scabrouswith  papillfe;  tho  nerve  strong, 
purplish,  often  more  or  less  excurrent, 
but  sometimes  ceasing  below  the  apex, 
and  the  leaves  are  somewhat  crisped 
when  dry.  The  capsnle  is  eubcylindri- 
cal,  smooth  when  moist,  but  frequently  BKcnim*  ^aiauu 
more  or  less  plicated  or  rugose  when  """"»*  TotaiBH. 

dry;  of  thin  texture,  and  somewhat  tapering  from  tho  base. 
The  annulua  ia  simple  and  persistent,  and  bemg  coloured  at  an 
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early  stage^  is  easily  seen  througli  the  semi-transparent^  greenisH 
calyptra^  whicli  is  papillose  at  the  apex^  and  said  to  be  entire  at 
the  base^  though  usually  more  or  less  torn  in  its  separation  from 
the  vaginula^  but  it  is  never  fringed  as  in  Encalypta  cUiaia  ; 
and  is  entire  in  the  sense  of  being  of  one  piece,  self  composed^ 
as  well  as  in  the  botanical  sense  of  being  without  teeth  or 
notches  in  the  margin ;  it  resembles  a  Kttle  fairy  extinguisher 
placed  over  a  miniature  wax-taper,  as  much  as  to  say,  "  You 
must  not  be  lighted  till  the  boisterous  winds  of  March^ 
and  the  tearful  days  of  April,  give  place  to  serener  skies  and  a 
dryer  atmosphere/*  but  during  these  months,  March  and 
April,  the  fruit  is  ripening,  and  towards  the  end  of  April  or 
early  in  May,  extinguisher  and  Kd,  which  have  been  such  close 
friends  during  all  the  rough  weather,  fall  off  together,  and  give 
the  now  matured  spores,  which  are  rather  large  for  the  size  of 
the  moss,  leave  to  escape  and  develop  the  functions  of  vitality 
that  lurk  withia  them.  The  peristome  is  frequently  absent^ 
and  at  all  times  is  extremely  fugacious  and  fragile ;  when  per- 
fect, it  consists  of  sixteen  teeth,  pale  and  sub-erect,  seldom 
rising  much  above  the  orifice  of  the  capsule. 

There  are  several  varieties,  slightly  differing  from  each 
other,  one  differing  only  in  an  elongated  stem  and  larger 
leaves,  another  in  having  the  leaves  piliferous,  another  in 
having  an  oblique  capsule,  but  all  so  nearly  resembling  the 
normal  form,  as  to  be  easily  recognized  for  Encalypta  vulgaris. 
From  the  same  patch,  a  few  yards  in  extent,  and  growing  on  a 
stone  wall  on  the  Cotteswold  range  of  hills,  we  have  gatiiered 
some  specimens  with  a  fiiU  mouth  of  sixteen  teeth,  others  with 
one,  two,  or  three  only,  and  others  again  quite  destitute  of 
peristome. 

The  calyptra  attains  its  full  size  before  its  separation  from 
the  vaginula,  and  even  before  the  fruit  becomes  appreciable  at 
the  summit  of  the  fruit-stalk,  which  is  coiled  up  within  the 
calyptra  in  this  early  stage,  and  it  is  interesting  to  witness  its 
developments  At  first  the  base  of  the  calyptra  is  turned  up 
inwardly  upon  a  httle  mass  of  spongy  tissue,  which  crowns  the 
depressed  conical  summit  of  the  vaginula,  and  when  torn  away 
by  advancing  growth,  it  is  found  too  finnly  adherent  to  come 
clean  off,  so  that  it  leaves  a  circular  fragment  from  its  base,  like 
a  little  coronet,  to  crown  the  vaginula.  The  reddish  fruit-staJk, 
which  is  about  half  an  inch  long,  twists  towards  the  right. 

In  Encalypta  dliatay  or  the  fringed  extinguisher  moss,  the 
fruit-stalk  twists  towards  the  left,  the  vaginula  is  sub-  cylindri- 
cal, and  the  pale  yellowish,  smooth  calyptra  is  distinctly 
fringed  at  the  base,  the  fringe  being  derived  from  the  spongy 
conical  mass  of  cellular  tissue  which  surmounts  the  vaginula, 
and,  therefore,  being  of  laxer  texture,  and  paler  than  the  calyptra 
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itself.  This  fringe  is  inflexed  when  moist^  and  is  sometimes 
deddnous. 

The  capsule  of  E.  dlicda  is  of  a  bright  chestnut  colour^  sub- 
i^lindrical^  very  smooth^  slightly  constricted  below  the  mouth, 
but  without  an  annulus,  and  having  thicker  walls  than  those  of 
E,  wlgwris.  The  teeth  of  the  peristome,  lanceolate  in  form, 
and  sixteen  in  number,  are  marked  with  transverse  bars,  some- 
what prominent  externally,  and  inserted  below  the  orifice  of  the 
capsule;  they  are  of  a  reddish  hue,  converge  when  moist,  but 
remain  erect  in  a  dry  state.  The  spores  are  granular,  and  the 
fruit-stalk,  instead  of  being  reddish  as  in  £.  vulga/ris,  is  yellow. 
The  stems  are  loosely  tufted,  about  half  an  inch  long  or  more, 
branched  and  bearing  oblong-ovate  leaves  of  a  brighter  green 
than  those  of  E.  vulgaris,  broader  and  less  crisped  when  dry, 
the  margin  plane  in  the  upper  part,  distinctly  recurved  below, 
somewhat  crenulate  at  the  apex,  and  with  an  excurrent  nerve 
forming  a  slight  mucro. 

The  fruiting  season  of  E.  ciliata  is  two  months  later  than 
that  of  E,  vulgaris,  viz.,  June  and  July.  It  is  found  on  rocks  in 
the  mountainous  parts  of  England,  Scotland,  Wales,  and  Ire- 
land. In  both  the  inflorescence  is  monoicous,  as  is  the  case 
with  Enealypta  commutaia,  and  Encalypta  rhabdocarpa, 

E,  convm/idata,  or  the  sharp-leaved  extinguisher  moss,  has  also 
branched  and  radiculose  stems,  which  are  slender  and  about  an 
inch  long,  with  ovate-lanceolate  leaves,  concave,  acuminate, 
slightly  undulated,  more  or  less  spreading  and  squarrose  from  an 
erect  sheathing  base,  and  having  an  excurrent  nerve. 

The  capsule  is  smooth,  sub-cylindrical,  of  thinnish  texture, 
and  seated  on  a  reddish  fruit-stalk.  It  has  a  simple  annulus, 
but  no  peristome ;  and  the  calyptra  is  smooth  all  over,  jagged 
and  uneven  at  the  base,  but  not  fringed.  The  vaginula,  as  in 
E.  vulgaris,  is  crowned  by  a  conical  cap  of  spongy  tissue,  whose 
base  is  bordered  by  a  circlet  torn  from  the  base  of  the 
calyptra. 

The  barren  flowers  of  E,  ciliata  are  found  near  the  peri- 
chetium,  they  are  gemmiform,  but  only  three  leaved ;  those  of 
E.  commutata  are  six-leaved,  and  are  either  axillary,  or  terminal 
on  a  branch,  accompanied  by  numerous  antheridia  and  para- 
physesj  but  E.  commutata  is  sufficiently  distinguished  by  its 
taper-pointed  squarrose  leaves,  which  are  its  unfailing  charac- 
teristics. It  appears  to  be  limited  in  distribution,  but  grows 
near  the  summits  of  the  Scottish  mountains,  and  fruits  in  July 
and  August. 

Encalypta  rhahdocatpa  or  the  rib-fruited  extinguisher  moss, 
like  the  rest  of  the  genus,  has  branched  and  radiculose  stems, 
about  half  an  inch  long  or  rather  more.  Its  leaves  are  mode- 
rately spreading,  lanceolate  or  ovate-oblong,  acuminate  and 
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mucronate^  or  sometimes  piliferous^  concave^  with  a  nerve 
thinner  and  paler  than  in  E,  vulgaris^  generally  excurrent^  but 
sometimes  ceasing  below  the  apex.  The  capsule  is  of  an  oblong 
form^  striated^  somewhat  apophysate^  ribbed  and  strongly 
furrowed  when  dry;  the  broad^  longitudinal^  coloured  striae 
distinguishing  it  from  all  others.  The  fruit-stalk  is  red  and 
twists  towards  the  right.  The  calyptra  is  conico-campanulate, 
yellowish^  scabrous  or  rugged  at  the  apex^  and  slightly  jaggod 
or  uneven  at  the  base.  The  annulus  is  simple  and  the  peri- 
stome persistent^  consisting  of  sixteen  lanceolate^  firm^  trans- 
versely barred  teeth^  which  are  sometimes  marked  with  a 
medial  line,  as  if  to  show  them  to  be  double.  They  are 
inserted  below  the  orifice  of  the  capsule,  and  their  position  is 
erect  when  dry.  The  vaginula  resembles  that  of  E,  vulgaris, 
with  its  little  crown  arising  from  the  same  cause;  but  the 
calyptra  of  rhabdocarpa  is  shorter,  wider,  and  of  a  darker  hue, 
the  leaves  more  acute  and  taperiug,  and  the  fruiting  season  is 
July  and  August ;  its  habitats^  the  Scotch  mountains,  and  Ben 
Bulben,  Ireland. 

The  only  remaining  British  species  is  the  spiral-fruited 
extinguisher  moss,  Encalypta  streptoca/rpa,  whose  inflorescence, 
unhke  the  other  species,  is  dioicous.  In  this  the  elongated  stems, 
from  one  to  two  inches  long,  or  even  more,  are  still  branched 
and  radiculose.  It  grows  in  shady  situations,  on  limestone 
or  mortared  walls,  etc.,  sometimes  on  chalky  banks,  or  on  a 
marly  soil,  often  in  extensive  patches,  but  is  rarely  found  in 
fruit.  The  walls  of  a  bridge  near  Dunkeld  are  mentioned  as 
one  of  its  fruiting  habitats.  It  has  also  been  found  in  various 
localities  in  Derbyshire,  and  near  Bolton  Bridge  in  Yorkshire. 
It  fruits  in  the  month  of  August. 

From  its  great  length  of  stem^  compared  with  the  other 
members  of  the  genus^  one  of  our  muscologists  named  it 
Encalypta  grandis,  but  streptocarpa,  from  arpenTo^,  writhed, 
twisted,  or  twined,  and  Kapriro^y  fruit,  is  far  too  graphic  to  be 
superseded  by  any  other,  its  sub-cylindrical  capsule  being, 
when  ripe  and  dry,  marked  with  eight  or  nine  spiral  furrows, 
and  ultimately  twisted  in  the  same  direction  towards  the  left. 
It  has  a  compound,  dehiscent  annulus,  and  a  double  peristome, 
inserted  very  little  below  the  orifice,  the  outer  one  consisting 
of  sixteen  long,  narrow,  nearly  filiform,  nodulose  teeth,  almost 
half  as  long  as  the  capsule,  marked  with  a  medial  line,  and 
confluent  at  the  base.  They  are  of  a  purplish  red,  and  erect, 
but  slightly  reflexed  when  dry.  The  inner  peristome  is 
formed  of  yellowish-brown  cili83,  which  alternate  with  the  outer 
teeth,  are  about  half  their  length,  adhere  closely  to  them,  and 
unite  in  their  lower  half  into  a  plicated  membrane.  The 
spores  are  small  and  smooth,  the  barren-flowered  plants  more 
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slender  than  the  fertile  ones^  their  flowers  gemmiform  and 
tenninal. 

The  leayes  are  sub-erect^  ligalate^  or  strap-shaped^  obtuse 
and  cnculate  or  hooded^  at  the  apex^  slightly  crisped^  or 
twisted  when  dry^  with  a  purplish  nerve  ceasing  at  or  near  the 
apex ;  the  upper  leaves  of  a  light  green^  the  lower  brownish^ 
the  perichddtial  leaves  approaching  to  obovate  at  the  base^ 
lanceolate  subulate  above^  and  erect. 

The  caljptra  is  longer  than  in  most  of  the  species^  sub- 
cylindrical^  rostellate^  approaching  to  subulate^  rough  and 
spinulose  at  the  apex,  lacinated^  at  first  somewhat  fringed  at 
the  base^  of  a  yellowish  brown  colour^  and  coriaceous  con- 
sistence. Its  lacinated  base  arising  from  the  same  cause  as 
that  of  E.  ciliata,  i.  e.,  from  the  spongy  tissue  crowning  the 
vaginula^  and  which  being  of  less  firm  consistence  than  the 
calyptra  is  torn  away  with  it. 

The  spiral  ribs  of  the  capsule  are  more  deeply  coloured^  and 
are  of  firmer  texture  than  the  interstices  between  them. 

Thus  we  have  attempted  to  describe  all  the  hitherto  known 
British  species  of  this  weU-marked  and  interesting  genus ;  and 
we  trust  that  in  so  doings  we  shall  have  furnished  work  for 
some  microscopes^  and  pleasure  for  their  possessors. 


OUR  ATMOSPHERE  AND  THE  ETHER  OP  SPACE. 

Ik  the  Iktellbctital  Observes^  vol.  ii.  p.  408^  we  laid  before 
our  readers  the  views  of  M.  Quetelet  concerning  the  great 
probable  height  of  our  atmosphere^  and  its  division  into  two 
parts^  the  lower  one  being  the  seat  of  much  movement  and 
agitation^  the  upper  portion  being  extremely  lights  stable^  and 
probably  of  different  chemical  composition.  In  Oosmos  (18th 
f^eb.j  1864)  we  find  the  following  report  of  remarks  on  this 
subject  by  Father  Secchi  the  Roman  astronomer  :-^ 

''  The  shooting  stars  observed  at  Rome  years  ago^  with  the 
aid  of  the  telegraphy  have  given  an  approximative  estimate  of 
height  of  eighty  kUom^tres  at  the  least.*  That  indicates  a 
much  greater  height  of  the  atmosphere  than  is  ordinarily 
supposed.  But  what  is  the  composition  of  this  atmosphere  f 
That  is  impossible  to  define.  The  phenomena  of  ordinary 
electricity  carefully  studied  at  the  time  of  auroras  may  afford 
us  some  light.  I  am  of  opinion  that  the  idea^  which  is 
beginning  to  be  accepted^  that  auroras  depend  upon  dis- 
charges of  atmospheric  electricity  in  elevated  regions  is 
correct^  and  if  so  it  will  be  very  interesting  to  determine  the 

•  The  Idlomdtre  is  rather  more  than  six- tenths  of  a  mile  (0*6314). 
VOL.  V. — ^NO.  ni.  Q 
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heiglit  of  this  meteor  as  Been  firozn  neighbouring  places^  and 
using  the  telegraph  as  an  sid" 

Uosmoa  also  gives  a  letter  from  M.  Hansteen  of  Christiana^ 
to  M.  Quetelet,  in  which  he  says: — "Tour  last  article  on 
shooting  stars  and  their  place  of  appearance^  has  particularly 
interested  me^  on  account  of  the  idea  put  forth  by  you  and 
approved  by  Sir  John  Herschel^  H.  A.  Newton,  and  Aug. 
de  la  Sive,  that  beyond  the  lower  atmosphere  in  which  we 
live— 'and  which  you  call  the  unstable  atmosphere  —  there 
exists  a  second  atmosphere  three  times  as  high— and  which  you 
term  the  stable  atmosphere — of  different  composition,  much 
lighter,  and  therefore,  so  to  say,  more  igneous.  It  is  only  in 
ims  latter  atmosphere  that  auroras  manifest  their  luminosity. 
The  upper  atmosphere  in  which  auroras  and  shooting  st^ 
appear  as  luminous  bodies,  may  be  nothing  else  than  a  veiy 
rarified  hydrogen,  very  light  and  very  inflammable.  The 
period  of  revolution  of  Encke^s  comet,  which  diminishes  one- 
tenth  of  a  day  at  each  revolution,  suggests  the  existence  of  a 
resisting  medium,  which  is  accounted  for  bv  supposing  the 
presence  of  a  certain  ether,  the  nature  of  which  is  unknown. 
May  not  this  ether  be  very  rarified  hydrogen  diffused  through 
space.'' 

The  suggestions  of  M.  Hansteen,  though  interesting,  are 
open  to  certain  objections.  Why  does  he  imagine  the  upper 
atmosphere  to  consist  of  hydrogen  7  Is  it  simply  because  that 
is  the  lightest  body  we  are  acquainted  with  on  the  surface  of 
our  globe  ?  There  is  no  reason  whatever  to  suppose  that  the 
lightest  body  we  know  must  resemble  in  composition,  or  be 
ioentical  with,  any  lighter  body  that  may  exist  somewhere  else 
under  totally  different  conditions.  Nor  is  there  any  reason  for 
supposing  that  the  inflammability  of  hydrogen  would  be  aug- 
mented by  enormous  rarefaction. 

When  a  body  is  called  inflammable  we  should  remember 
that  the  term  is  not  very  precise. 

It  is  customary  to  speak  of  certain  bodies  as  being  either 
combustible,  or  supporters  of  combustion ;  but  the  following 
remarks  of  Professor  Miller  place  this  subject  in  a  clear  light 
and  show  how  easily  the  terms  become  convertible.  He 
tells  us*  that  "  a  striking  experiment  may  be  performed  with 
hydrogen,  which  shows  how  purely  conventional  are  the  terms 
'  combustible'  and '  supporters  of  combustion .'  Let  a  tall  bottle 
with  a  narrow  neck  be  filled  with  hvdrogen  gas ;  through  a 
cork  which  passes  easily  into  the  neck  of  the  bottle,  fit  a  jet 
connected  with  a  gas-holder  containing  oxygen;  place  tiie 
bottle  mouth  downwards  and  set  fire  to  the  hydrogen,  then 
immediately  insert  the  cork  and  jet  through  which  a  stream  of 

•  Mmenti  of  ChmMr^,  Fart  11.  p.  48.    Second  edition. 
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oxygen  is  gently  iBsiting.  The  flame  will  appear  to  attach  itself  to 
the  oxygen  tube,  and  the  jet  of  oxygen  will  be  burning  in  an 
atmosphere  of  hydrogen.  Combustion  in  fact  occurs  at  the 
place  where  the  two  gases  first  came  into  contact.  Suppose 
for  a  moment  that  the  earth^s  atmosphere  had  contained 
hydrogen  instead  of  oxygen ;  oxygen  would  hare  appeared  to 
us  in  the  light  of  a  combustible  gas ;  hydrogen  in  that  of  a 
supporter  of  combustion.^' 

The  term  '^  more  igneous  "  may  not  be  intelligible  without 
considering  the  sense  in  which  Sir  John  Herschel  employed  it, 
in  the  letter  to  M.  Quetelet,  from  which  M.  Hansteen  adopted 
it.  Sir  John  said,  that  the  great  elevation  of  shooting  stars  above 
the  earth  '^  leads  to  the  conjecture  of  an  upper  aerial  atmosphere, 
lighter  and  so  to  say  more  igneous/'  Mr.  Alexander  Herschel 
has  provided  us  with  some  remarks  on  this  subject.  He  observes, 
'Hhat  according  to  the  calculations  of  Thompson  and  Joule  a  body 
moving  with  a  velocity  of  thirty-nine  miles  per  second  will 
heat  the  air,  of  whatever  density,  in  immediate  contact  with 
it,  two  million  degrees.  Surely  such  velocities  are  more 
likely  to  exist  in  the  highest  and  thinnest  strata  of  the 
atmosphere,  than  in  the  lower  denser  parts,  where  storms  and 
clouds,  etc.,  are  prepared,  and  in  this  sense  the  upper  atmos- 
phere may  be  called  the  igneous  atmosphere,  because  it  is  more 
exposed  to  such  igneous  catastrophes  from  which  the  lower 
strata  is  happily  defended.'' 

If  we  consider  the  effects  of  heat  and  pressure  in  modify- 
ing the  condition  of  matter,  it  will  appear  probable  that 
there  are  limits  to  the  existence  of  compounds  having  definite 
properties,  both  in  a  pressure  range  and  a  temperature  range 
—that  is  to  say,  that  no  compound  could  be  heated,  or  cooled, 
beyond  a  certain  point  without  its  becoming  decomposed,  or 
having  its  particles  re-arranged  into  a  new  substance.  And 
also  that  no  compound  could  be  condensed,  or  rarified,  beyond 
cert€^n  limits  without  undergoing  decomposition  or  change. 

The  grounds  for  conceiving  the  earth's  atmosphere  to  be 
only  forty  or  fifty  miles  high  were  incomplete.  It  was  supposed 
that  at  about  that  distance  from  the  earth  the  elasticity  of  the 
air  and  the  force  of  gravity  balanced  each  other«  M.  Quetelet 
now  shows  reason  for  believing  that  an  upper  atmosphere 
exists,  and  he  assigns  to  it  a  different  composition.  May  it 
not  result  from  a  resolution  of  the  earth's  lower  atmosphere 
into  some  other  form  of  matter  7  Oxygen  and  nitrogen  mav 
be  compound  bodies,  and  may  be  decomposed  under  such 
remarkable  conditions  of  temperature,  pressure,  etc.  Even  if 
we  regard  them  as  simple  substances,  we  have  no  right  to  Umit 
their  capacity  for  existing  under  different  conditions,  and  with 
very  different  properties.    The  difficulty  of  defining  a  species 
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extends  to  chemistiy^  and  it  is  far  from  easy  to  say  wliat  con- 
stitutes oxygen,  for  example.  In  zoology  the  idea  of  lieredi- 
tariness,  or  common  descent,  comes  into  the  species  idea;  in 
chemistry,  identity  of  constitution  and  properties  is  sufficient. 
But  is  ozone  identical  in  constitution  with  oxygen,  of  which 
it  is  called  an  aUotropic  form  ?  If  M.  Soret  is  right*  in  affirm- 
ing that  it  is  composed  of  a  plurality  of  oxygen  atoms  arranged 
in  a  particular  way,  we  must  be  either  prepared  to  regard  it 
as  another  substance,  or  to  deny  that  the  mode  in  which  atoms 
are  aggregated  and  the  special  properties  thus  developed,  give 
rise  to  different  species  of  substances.  It  may  be  said  that 
ozone  is  not  after  all  sufficiently  unlike  oxygen  to  require  a 
separate  name ;  but  what  of  antozone  ?  Schonbein  considers 
that  when  one  portion  of  oxygen  is  converted  into  ozone 
another  portion  passes  into  the  state  of  antozone,  which  differs 
in  properties  firom  ordinary  oxygen  and  from  ozone.  Antozone 
and  ozone  he  considers  in  opposite  polar  conditions,  and  that 
when  they  come  together  they  neutralize  each  other  and 
produce  ordinary  oxygen.  If  so  they  act  like  distinct  and 
different  substances,  exhibiting  an  affinity  for  each  other. 

M.  Hansteen's  supposition  that  the  ether,  or  fluid  conceived 
to  exist  in  space,  is  likQ  the  upper  atmosphere  of  our  earth  is 
worth  consideration ;  but  if  so,  that  upper  atmosphere  must  be 
capable  of  the  requisite  attenuation  without  being  changed  into 
another  substance.  Is  it  not  a  more  probable  supposition  that 
however  slowly  the  process  may  take  place,  aU  the  bodies  that 
swim  in  space  contribute  to  the  space  atmosphere  or  ether, 
which  would  thus  be  composed  of  the  most  volatile  and 
attenuated  forms  the  materials  of  the  various  globes  can  assume 
when  their  normal  cohesive  and  affinity  forces  are  diminished 
or  over-balanced  by  repulsive  forces  or  new  affinities  ? 

Does  it  not  seem  improbable  that  each  globe  should  retain  for 
ever  all  the  particles  that  it  started  with  r  Is  not  a  circulation 
of  matter  more  consonant  with  analogy  ?  Why  should  the 
space  atmosphere  not  only  be  added  to,  but  taken  from  7  Can 
our  sun  and  all  other  suns  be  burning,  or  condensing  it  ?  The 
enormous  temperature  usually  assigned  to  the  solar  photosphere 
may  dissociate  ordinary  compounds,  and  develope  powerful 
affinities  between  photosphere  matter  and  the  space  atmos- 
phere, and  if  it  condensed  millions  of  cubic  miles  with  sufficient 
velocity,  enormous  heat  would  be  produced. 

With  reference  to  the  ether,  or  space  atmosphere,  it  may  be 
observed  that  the  quantity  of  matter  which  is  contained  in  a 
given  volume  of  it,  may  not  afford  any  measure  of  its  resistance 
to  planetaiy  motion.  In  a  paper  on  molecular  mechanics,  by 
the  Bev.  Joseph  Bayma,  published  in  the  Proceedings  of  the 

*  See  JurrsLLSOUJOt  Obssbtxb,  toL  iv.  p.  308. 
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Royal  Society,  No.  16,  that  gentleman  affirms  tliat  ''if  a  body 
does  not  contain  any  repulsive  elements,  it  cannot  cause  any 
retardation  in  the  movement  of  an  impinging  body  /^  and  other 
reasons  might  be  assigned  to  account  for  the  smaU  retardation 
of  moving  bodies  without  assuming  a  tenuity  calculated  &om 
the  known  properties  of  atmospheric  air. 

Mr.  Bayma's  theory  is  not  the  only  one  that  might  account 
for  the  resistance  offered  by  the  space-atmosphere  to  a  moving 
body,  not  being  proportionate  to  the  actual  quantity  of  matter 
contained  in  a  given  bulk  of  it.  What  is  called  vis  inertia  is 
not,  as  we  have  remarked  in  another  paper,  simply  do-nothing- 
ness, but  the  result  of  active  forces,  one  of  which  is  gravitation, 
and  we  have  certainly  no  right  to  assume  that  gravitation  is  an 
attribute  or  property  of  matter  under  all  conditions.  It  may 
be  one  of  an  unknown  number  of  correlative  forces,  and  the 
force  which  acts  as  gravitation  under  one  set  of  conditions,  may 
appear  in  another  character  when  the  conditions  are  changed. 

These  speculations  may  be  dreams  and  nothing  more ;  but 
a  little  dreaming  is  good  for  scientific  progress,  provided  the 
process  of  dreaming  is  not  vainly  conceived  to  be  a  process  of 
proof. 

As  our  object  in  publishing  these  conjectures  is  to  stimulate 
thought  and  inquiry,  we  will  either  print  in  exteTiso,  or  give  an 
account  of  any  important  communications  we  may  receive  on 
any  of  the  points  discussed. 


ANCHORING  MOLLUSKS. 

BT  W.   NEWTON  ^CCAETNBT, 
Cor.  Seoietaiy  Glasgow  Naturalists'  Soddtj. 

At  the  end  of  the  last  century  the  rage  for  conchology  reached 
its  climax,  and  then  slowly  declined.  In  its  place  the  study 
of  malacology  engrossed  the  attention  of  many  of  those  who 
had  only  gathered  shells  for  the  beauty  of  their  form  and  the 
brightness  of  their  colours.  The  possession  of  a  cabinet  of 
shells  fifty  years  ago  (and  in  many  cases,  even  now)  did  not 
bestow  upon  the  owner  any  knowledge  of  their  structure  or 
habits,  and  it  was  only  when  he  gathered,  observed,  a\id  dis- 
sected that  he  gained  that  essential  knowledge  which,  while 
benefiting  himself,  would  help  the  progress  of  the  science. 
The  shell  to  the  conchologist  may  be  of  interest,  but  the 
animal  which  inhabits  the  shell  will  give  a  more  enduring 
pleasure  to  the  malacologist  who  studies  its  structure  and 
observes  its  habits. 

During  the  rage  of   shell-collecting,  when  a  Ca/rinania 


216  Anchoring  MoUtisles, 

brought  100  guineas^  and  Oonvs  gloria-niaris  half  that  btuHj 
the  parts  of  the  animal  which  are  the  subject  of  this  paper 
could  not  be  studied,  as,  invariably  before  they  were  passed 
into  the  cabinet  of  the  shell  collector,  they  were  cleaned  from 
the  specimen.  However,  in  our  times,  when  the  animal  is 
studied,  as  well  as  the  shell  admired,  these  organs  by  which 
the  animal  anchors  itself  may  without  difficulty  be  examined, 
and  cannot  fail  to  interest  the  observer. 

The  byssus  of  the  mussel,  and  the  pedicle  of  the  lamp- 
shells,  are  considered  to  be  of  little,  if  any,  importance  in  their 
study,  and  consequently  not  being  much  examined,  some  little 
things  require  to  be  explained,  and  some  misapprehensions 
cleared  away. 

The  importance  of  the  cables  in  both  these  classes  of 
moUusca,  cannot  be  over-estimated  by  the  palaeontologist;  for, 
in  his  explorations,  he  often  disentombs  large  numbers  of 
brachiopoda  which  have  hved  and  died  on  the  spot  where  he 
finds  them.  He  is  disposed  to  wonder  why  such  quantities 
have  gathered  together,  and  it  is  only  when  he  finds  them  to 
belong  to  the  class  of  shells  which  anchor  themselves  to  the  sea- 
bottom  that  his  amazement  ceases.  They  can  by  means  of 
their  pedicle  resist  the  scattering  tendencies  of  the  waves,  and 
not  being  disturbed,  the  places  where  they  have  taken  up  their 
abode  becomes  densely  populated,  while  spots  not  very  for 
distant  cannot  boast  a  specimen.  To  the  naturalists  the  Imow- 
ledge  of  the  mussel's  habits  sufficiently  explain  the  colonies  of 
them  which  occur  in  places  suitable  for  their  development. 

During  the  geologic  ages  the  lampshells,  or  Terebratulidce, 
existed  in  great  numbers,  and  in  many  cases  the  opening  by 
which  the  pedicle  protruded  is  distinctly  visible.  Then,  as 
now,  they  attached  themselves  to  rocks,  stones,  branches  of 
corals,  and  every  ''  coigne  of  vantage,''  and  there  hung  fi:^ely 
suspended,  swaying  to  and  fro  with  the  pulsations  of  the  mighty 
ocean.  In  our  still  and  deep  lochs  they  are  often  brought  up 
in  the  dredge,  and  if  the  locaUty  is  suitable,  that  is,  of  a  cal* 
careouB  silt,  or  muddy  bottom,  every  small  stone,  or  large 
sheU,  wiU  have  these  little  lampshells  clinging  to  it.  These 
shells  are  now  but  meagrely  represented,  when  we  consider  the 
immense  multitudes  which  swarmed  in  the  seas  during  the 
deposition  of  the  carboniferous  limestone.  There  the  sepulchres 
of  countless  thousands  belonging  to  many  species  may  be  opened 
in  every  quarry. 

The  mussel,  by  means  of  its  byssus,  is  able  to  remain  secure 
on  rocky  coasts,  where  otherwise  it  would  be  dashed  to  pieces 
by  the  first  rude  storm.  The  fisherman,  who  uses  them  for 
bait,  chooses  a  calm  summer's  day  to  place  upon  his  new  mossed 
farm  the  boftt-load  whiob  he  Tom  foroed  to  emigrate  to  ^'paitures 
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new/'  He  knows  that  stormy  weather  would  result  in  hiQ 
emigrants  being  driven  on  shore;  so  he  ohooses  his  time^  that 
the  mussels  may  spin  their  cable  and  anchor  securely.  The 
owner  of  piers  also  requires  to  tend  the  crop  of  mussel  oare- 
fully^  so  that  they  may  cover  the  wooden  piles^  and  thus  protect 
them  from  the  attacks  of  the  boring  shells.  Some  people 
think  that  they  are  useless  on  the  wooden  piers^  and  con** 
sequently  scrape  them  off^  considering  that  they  destroy  the 
piles^  and  eat  into  the  wood. 

Let  it  not  be  understood  that  the  pedicle  of  the  lampsheU 
and  the  byssus  of  the  mussel  perform  ^e  same  function.  The 
pedicle^  like  the  byssus^  anchors  the  shelly  but^  unlike  the 
byssus,  assists  the  pedicle  in  closiug  and  opening  the  shell.  It  is 
a  fleshy  cable^  composed  of  fibres  which  are  contractile.  This 
cable  is  attached  at  one  end  to  the  stone  by  a  kind  of  glutinous 
substance^  and  at  the  other  to  the  upper  or  ventral  valve. 
Within  a  Httle  distance  &om  the  foramen^  or  little  hole  through 
which  it  passes  into  the  shelly  muscles  are  attached.  These  join 
on  to  the  pedicle  near  to  the  point  of  emergence^  and  are  also 
attached  to  the  dorsal  valve  by  the  other  end.  The  hinge  of 
the  shell  is  at  the  foramen.  When  the  animal  is  at  rest^  and 
not  disturbed^  the  pedicle  is  unoontraoted^  and  the  shell  open. 
The  cable  being  at  its  longest  range^  allows  the  shell  to  hang 
free,  and  to  have  a  pretty  wide  range ;  but  whenever  danger 
approaches  instantly  the  pedicle  contracts,  the  shell  by  that 
action  shuts,  and  at  the  same  time  darts  backward  a  little 
towards  its  anchorage,  out  of  the  way  of  the  intruder.  The 
pedicle  contracts,  and  the  muscles  which  are  attached  to  the 
pedicle  contract  at  the  same  moment,  and  the  shell  is  fast 
dosed,  to  be  opened  when  danger  is  past. 

In  the  mussel  the  byssus  acts  no  part  similar  to  this.  When 
once  it  is  spun  it  is  lifeless.  The  visitor  to  the  seashore  will 
find  that  it  is  made  up  of  a  great  many  small  threads,  which 
have  taken  a  very  firm  hold.  These  are  connected  with  the 
interior  of  the  shell,  and  are  extremely  strong.  The  question 
suggests  itself,  how  are  these  threads  spun,  and  how  do  they 
fasten  to  the  rock  ?  The  mussel  has  no  spinnarets  like  Hhe 
spider  or  the  silkworm.  That  there  is  a  sticky  secretion  no 
one  can  doubt ;  but  of  what  it  is  composed,  and  how  it  is 
secreted,  is  yet  to  be  discovered.  A  Glasgow  naturalist  has 
observed  the  process  of  placing  the  cable,  which  may  be  briefly 
described.  The  foot  was  protoided,  fat  and  fleshy,  and  touch- 
inff  the  side  of  a  glass  jar,  it  remained  for  a  time  in  contact. 
After  withdrawal  nothing  was  noticed  for  a  moment,  but  then 
slowly  a  little  thread  became  visible,  and  the  first  thread  of  the 
cable  was  laid,  which  was  followed  by  another,  and  another,  as 
the  foot  touched  the  side  of  the  glass.    There  must,  we  thmk, 
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be  a  secreting  surface  either  in  the  foot  or  eaey  of  access  to  it ; 
and  that  secretion  hardens  and  blackens  by  exposure  to  the 
water.  The  threads  are  attached  to  the  shell,  and  have  no 
connection  with  the  internal  economy  of  the  animal.  The 
byssus  spun  by  the  Pinna  has  been  nsed  with  silk,  and  spnn 
into  some  articles  of  dress.  That  of  the  great  horse-mnssel  is 
^cceedingly  fine,  and  if  it  conld  be  obtained  in  sufficient  abun- 
dance might  be  nsed  in  commerce. 

In  conclusion,  could  not  a  series  of  experiments  be  made  on 
the  mussel  {Mytiltuf  edvlis),  to  discover  how  it  spins  its  cable, 
and  where  it  gets  the  material  7  By  discovering  this,  we  could 
then  with  certainty  understand  how  the  Lima  and  otiier  shells 
make  their  nest,  for  they  also  use  silken  fibres  to  bind  the 
materials  of  which  their  house  is  built. 


COMETS. 

XX  AOOOmfT  OV  IZZi  THB  COUXIB  WHOBB  0SBIX8  SATl  VOT  BXEV  CAXCUIiATXD. 

BT  G.  F.  CHAHBBBS. 

(ConUmudfrom  ]»a^  884,  «o2.  iv.) 

663.  On  September  27  a  comet  2^  long  was  seen  near  ^ 
Bootis.  On  September  29  it  had  disappeared. — (Ma-tuoan- 
lin.) 

667.  On  May  24  a  comet  was  seen  in  the  N.E.,  between 
Auriga,  the  Pleiades,  and  Taurus. — (Gaubil.)  On  June  12 
it  disappeared. — (Ma-tuoan-lin.) 

668.  In  May  or  June  a  comet  was  seen  for  a  few  days  in 
Auriga. — (De  MaiUa,  vi.  145.)  Is  it  certain  that  this  comet  dUDTers 
from  the  preceding  ? — (Kngrfe,  i.  831.) 

676.  p.]  On  January  4  a  comet  5'  long  was  discovered  to 
the  S.  of  a  and  f  Virginis. — (Ma-tuoan-lin.) 

676.  [ii.]  ''In  the  month  of  August  a  comet  showed  itself 
in  the  E.  for  three  months,  from  the  time  of  cock-crowing  till 
morning.  Its  rays  penetrated  the  heavens ;  all  nations  b^eld 
with  admiration  it9  rising ;  at  length,  returning  upon  itself,  it 
disappeared.'^ — (Ajiastas,  Eistoria  EcclesiasUca  ;  Paul  Diacon. 
V.  31.)  On  September  4  a  comet  appeared  near  to  a  and  fi 
Geminorum;  it  moved  towards  the  N.E.  Its  tail,  at  first 
3*  long,  afterwards  increased  to  30%  and  pointed  towards  X 
and  fju  Urs8B  Majoris.  On  November  1  it  had  disappeared.— • 
(Ma-tuoan-lin;  Gaubil.) 
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681.  On  October  17  a  comet  SO""  long  was  seen  near  a 
Herctdis;  gradually  diminishing  in  size  it  moyed  towards  a 
Aqnilad,  and  disappeared  on  November  S. — (Gaubil.) 

688.  On  April  20  a  comet  was  seen  near  a  Aorigas.  On 
May  15  it  had  disappeared.— (Ma-tnoan-Iin.) 

684  [i.]  On  September  6  a  comet  10*"  was  seen  long  in  the 
evening  towards  the  W.  On  October  9  it  had  disappeared. — 
(Gaubil.)  Hind  remarks  that  this  single  account  will  tolerably 
well  describe  the  position  which  HaMey'a  comet  must  have  been 
in  at  its  return  to  perihelion  in  this  year;  so^  doubtless^  this 
was  that  celebrated  body. — {Comp.  to  Almanac,  1860,  p.  88.) 

684  [ii.]  On  November  11a  star  like  a  half-moon  was  seen 
in  the  N. — ^Ma-tuoan-lin. 

707.  On  November  16  a  comet  appeared  in  the  W. ;  on 
December  18  it  had  ceased  to  be  visible. — (Ma-tuoan-lin.) 

708.  [i.]  On  March  81  a  comet  appeared  between  the 
Pleiades  and  Musca. — (Ma-tuoan-lin.) 

708.  [ii.]  On  September  21  a  comet  appeared  within  the 
circle  of  perpetual  apparition. — (Ma-tuoan-hn.) 

711.  In  the  92nd  year  of  the  Hegira  a  comet  endued 
with  a  sensible  motion  appeared  for  eleven  days.-— (Haly. 
Liber  Ptolemcd  Comment)  The  year  92  of  tiie  Hegira 
lasted  from  710,  Oct.  29,  to  711,  Oct.  18. 

712.  In  August  a  comet  emermd  from  the  W.,  and 
passed  to  near  p  Leonis,  etc. — (De  SdUuHa,  vi.  199.) 

716.  A  comet  of  a  terrible  aspect,  with  its  tail  directed  to- 
wards the  Pole,  is  said  to  been  seen  this  year,  but  we  have  only 
a  modem  authority  for  the  statement. — (Sabellicus,  Onrnia 
Opera,  Ennead.  viii.  lib.  vii.,  Basilese,  1560.) 

729.  Several  writers  speak  of  two  comets  visible  for  four- 
teen days  in  the  month  of  January,  the  one  alFfcer  sunset  and 
the  other  before  sunrise. — (Bede,  Hiatoria  Eccledastica,  v. ; 
Herveld,  Chronicon  Historim  QermaniccB.)  It  is  easy  to  see 
that  a  single  comet  with  a  Bight  Ascension  not  differing 
much  from  that  of  the  Sun,  but  with  a  high  North  DecHnation, 
would  be  seen  both  after  sunset  and  before  sunrise,  and  thus 
fuljBl  the  statement  of  the  chroniclers.  Donati's  great  comet 
of  1858  was  so  visible  for  several  weeks  in  the  month  of  Sep- 
tember of  that  year. 

730.  On  August  29  a  comet  was  seen  in  Auriga;  on 
September  7  it  spread  its  light  over  the  Hyades  and  Pleiades. 
— (Gaubil.)  Ma-tuoan-lin  says  that  the  comet  of  September 
7  was  not  the  same  as  that  of  August  29. 

788.  On  April  1  a  comet  was  Been  within  the  circle  of  per- 
petual apparition.  It  traversed  the  square  of  Ursa  Major, 
and  was  observed  for  ten  days  or  more,  when  clouds  interfered. 
•—(Ma-tuoan-lin.) 
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744.  A  great  oomet  was  seen  in  Syria, — (Theophanes^  p. 
853.) 

762.  A  oomet  was  seen  in  the  E.  like  unto  a  beam*— 
(Theophanefl,  p.  363.) 

767.  On  January  22  a  oomet  V  long  was  seen  near  «  and  ff 
Delphini,    It  was  yisible  for  three  weeks. — (Ma-tuoan-lin.) 

773.  On  January  17  a  great  .star  appeared  below  the  belt 
of  Orion, — (Ma-tuoan-lin.) 

813.  ''  On  August  4  a  comet  was  seeuj  which  resembled 
two  moons  joined  together;  they  separated,  and  having  taken 
different  forms,  at  length  appeared  like  a  man  without  a  head.'' 
— (Theophanes,  p.  423.)  In  spite  of  the  strangeness  of  this 
description,  Pingr^  considers  it  to  be  really  that  of  a  comet,  and 
thinks  it  is  possible  to  find  an  explanation  in  the  comet's  pecu- 
liar position  with  regard  to  the  Sun  and  the  Earth.— (Oowe^.  i. 
338.) 

815.  In  April  or  Hay  a  great  comet  appeared  in  the  vicinity 
of  fi  Leonis.— (Ma-tuoan-lin.) 

817.  On  February  5,  at  tiie  second  hour  of  the  night,  a 
monstrous  comet  was  seen  in  Sagittarius.— (Fiia  Ludomd  Pvi.) 
On  February  17  the  comet  was  in  the  Hyades. — (Ma-tuoan- 
lin.) 

821  [i.]  On  February  27  a  oomet  was  seen  in  Crater*  On 
March  7  it  was  near  <r  Leonis.< — (Ma-tuoan-lin.) 

821  [u.]  In  July  a  comet  with  a  tail  10*  long  was  seen  in 
the  Pleiades.    After  ten  days  it  disappeared.— ^(Ma-tuoan-Un.) 

828.  On  September  3  a  oomet  ydth  a  tail  2**  long  was  seen 
near  ^  Bootis. — (Ma-tuoan-lin.) 

834.  On  October  9  a  oomet  with  a  tail  lO"*  long  was  seen 
near  /3  Leonis.  It  went  northwards  beyond  Coma  Berenids. 
On  September  7  it  had  disappeared. — (Ma-tuoan-lin.) 

837  [ii.]  On  September  10  a  oomet  was  seen  in  Aquarius. 
•—(Ma-tuoan-lin ;  Boethius,  Seotorum  Hiatoria,  x.) 

838  p.]  On  November  11a  oomet  was  seen  near  iS  Corvi. 
— (Ma-tuoan»lin.) 

838  [ii.]  On  November  21  a  oomet  was  seen  in  the  E. 
in  the  sidereal  divisions  7  Sagittarius,  and  ft?  Scorpio.  It  ex< 
tended  in  the  heavens  E.  and  W. ;  on  December  28  it  had 
disappeared. — (Ma-tuoan-lin.) 

839  [i.]  On  January  1  a  comet  was  seen  in  Aries.— 
{Annates  Francorum  Fulden^es.)  On  February  7  a  comet  waa 
seen  near  x  Aquarii. — (Ma-tuoan-lin.)  Pingre  thinks  the  latter 
could  not  have  been  the  European  comet  of  January  1. — 
{Oomet  i.  614.) 

839  [ii.]  On  March  12  a  comet  was  seen  to  the  N.  of  y, 

^}  ii  K  Persei.     On  April  14  it  had  disappeared. — (Ma-tuoan- 
hn.) 
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840  [i.]  On  March  20  a  oomet  was  seen  between  the  Bide* 
real  divisions  of  a.  and  7  Pegasi.  After  three  weeks  it  dis  • 
appeared.— (Ma-tuoan-lin.) 


PROOBBDINGS  OF  LEARNED  SOOIETIBS. 

PT  W.  B.   TEGETMHIBB. 

STATISTICAL  SOOIBTT.— Pe6. 16. 

• 

ErfEOTS  or  Open-air  Exeboise  on  LoNaEYiiY. — In  a  very  elaborate 
paper  on  the  reports  of  the  Registrar-General,  Mr.  Sargant  brought 
forward  some  remarkable  facts,  showing  the  influence  of  out- 
door occupation  and  exercise  in  lesseninff  the  rate  of  mortality ; 
and  that  of  almost  all  in-door  occupations,  long  continued,  in  raising 
the  rate  of  mortality  of  the  classes  following  ti^em. 

The  greater  longevity  of  persons  living  in  the  country  appears 
almost  wholly  due  to  the  greater  proportion  of  out-door  occupation  i 
inasmuch  as  shopkeepers  and  others  following  sedentary  pursuits  in 
the  country  have  no  well-marked  yital  superiority  over  the  same 
classes  in  towns;  whereas  farm  labourers,  though  exposed  to  the 
effects  of  wet,  attain  a  greater  longeyily  than  any  class  of  mechanics 
working  in  a  confined  atmosphere. 

Even  scavengers  in  towns,  who  are  exposed  to  very  great  impari- 
ties, are  long-lived,  owing  to  the  vital  influence  of  the  open  air  in 
which  they  follow  their  occupation. 


MAUrOHESTER  LITERARY  AND  PHILOSOPHICAL 

SOOIBTT.— 1^.  28. 

Prepabition  op  Calcium. — ^A  paper  was  communicated  by  Mr.  B. 
Sonstadt  on  the  preparation  of  the  metal  Calcium.  After  describing 
the  well-known  diffloulties  which  have  hitherto  prevented  calcium 
being  prepared  except  in  very  smaU  quantity,  Mr.  Sonstadt  described 
his  new  process,  wluch  consists  in  fusing  together  iodide  of  potas- 
sium and  chloride  of  calcium.  The  mixture,  whilst  still  liquid,  is 
poured  into  an  iron  crucible  and  permitted  to  solidify.  The  mass 
IS  then  thrown  out,  and  rather  less  than  an  equivalent  proportion  of 
sodium  placed  in  the  bottom  of  the  crucible ;  the  solid  mixture  of 
potassium  and  calcium  salts  being  replaced  above  it.  The  cover  is 
then  closely  luted  on,  and  the  crucible  heated  to  redness  for  a  short 
time.  The  reaction  that  ensues  is  not  violent,  and  the  calcium  re- 
mains in  the  crucible  in  a  solid  mass. 

At  the  same  meeting  the  practical  advantage  arising  firom  the 
improvements  of  Mr.  Sonstadt  in  the  manufacture  of  the  metal 
Mc^esium  were  shown.  Ten  grains  of  maffnesium  wire  were  burnt, 
givmg  a  light  whioh  lasted  for  one  siinn&,  during  which  time  an 
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ezceUent  negative  photograph  of  a  bust  by  Chantrey  was  taken  by 
Mr.  Brothers. 

The  photographs  prodnced  by  magnesium  light  are  of  a  very 
agreeable  character ;  and  as  the  amount  of  metal  required  is  very 
small,  the  process  is  not  expensive,  and  it  is  probable  that  it  may 
come  into  general  use. 

GEOLOGICAL  SOCIETT  OF  LONDON.- JW.  19. 

Stjccebbion  op  Britibh  Mesozoic  Strata. — The  President  in 
his  anniversary  address  discussed  the  breaks  in  the  succession  of  the 
British  Mesozoic  Strata.  First,  he  examined  the  numerical  relations 
which  different  classes  bore  to  one  another  in  Palsdozoic  times, 
comparing  them  with  their  development  in  secondary  epochs.  The 
general  conclusion  arrived  at  was  that  a  long  interval  of  time,  often 
stratigraphically  unrepresented,  is  an  invariable  accompaniment  of 
a  break  in  the  succession  of  species ;  and  the  more  special  inference 
was  that,  in  cases  of  superposition,  in  proportion  as  the  species  are 
more  or  less  continuous,  that  is  to  say,  as  the  break  in  life  is  partial 
or  complete,  first  in  the  species,  but  more  importantly  in  the  loss  of 
old  ana  the  appearance  of  new  genera,  so  was  the  interval  of  time 
shorter  or  longer  that  elapsed  between  the  dose  of  the  lower  and 
the  commencement  of  the  upper  formation. 

Rh.  24. 

Recent  Discoveries  of  Flint  Implements  in  Drift  Deposits 
IN  Hants  and  Wilts. — Flint  implements  having  recently  been 
found  on  the  sea-shore,  about  midway  between  Southampton  and 
Gosport,  and  also  at  Fisherton  near  Salisbury,  Mr.  J.  Evans  visited 
these  localities  in  company  with  Mr.  Prestwich,  and  gave  the  results 
of  his  observations. 

After  describing  the  implements  from  near  Southampton,  and 
having  shown  that  their  condition  is  identical  with  that  of  the 
materials  composing  the  gravel  capping  the  adjacent  diff,  Mr. 
Evans  maintamed  Sie  great  antiquity  of  these  remains,  as  proved 
by  the  circumstance  that  the  gravel-beds,  like  those  of  Beculver, 
are  of  fluviatile  origin,  although  now  abutting  on  the  sea. 

Mr.  Evans  then  described  the  Fisherton  implements,  and  the 
gravel-pits  from  which  they  were  obtained.  The  relation  of  the 
high-level  gravels  (in  which  the  implements  were  found)  to  the 
lower-level  gravels  of  the  Valley  of  the  Avon  was  discussed,  and  the 
geological  features  of  the  former  deposits  particularly  described;  lists 
of  the  fossils  (including  the  mammalia  and  the  land  and  freshwater 
shells)  being  also  given.  Mr.  Evans  came  to  the  conclusion  that 
the  fossils  bore  evidence  of  the  climate,  at  the  time  when  they  were 
deposited,  having  been  more  rigorous,  at  any  rate  in  the  ^vinter, 
than  it  now  is ;  and  to  this  cause  he  attributed  the  comparatively 
greater  excavating  power  of  the  early  Post-pliocene  rivers. 

March  9. 
On   thb  Discoveet  of  the  Scales  of  Pteraspis. — ^Mr.  E.  R. 
Lankester  communicated  a  paper  on  the  Pteraspis,  in  which  the  sue- 
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cesBive  steps  bj  which  the  genns  was  established,  and  the  gronnds 
on  which  the  prevalent  opinion  as  to  its  ichthjic  nature  rests,  were 
noticed.  The  author  then  proceeded  to  describe  the  scales,  which 
have  lately  being  discovered  at  Gradlej,  near  Malvern,  and  which 
alone  were  required  to  remove  all  doubt  as  to  the  affinities  of  the 
genus :  he  compared  these  scales  with  those  of  GapJuUaspis^  to  some 
of  which  they  bear  a  great  resemblance. 


ANTHROPOLOGICAL  SOCIETY.— Jforc^  1. 

The  Theory  of  Natural  Selection  as  applied  to  the  HuMAir 
Races. — In  a  paper  on  this  subject  Mr.  Wallace  maintained  that  the 
theory  of  natural  selection,  as  influenced  by  physical  structure, 
could  not  be  applied  to  explain  the  origin  of  the  different  races  of 
men  in  the  same  manner  as  it  could  be  employed  to  account  for  the 
origin  of  varieties  and  species  in  the  lower  animals. 

In  animals  a  deficiency  of  any  one  organ  or  faculty  would  of 
necessity  lead  to  the  destruction  of  the  race  in  the  struggle  for  Hfe. 
But  in  man  any  such  deficiency  may  be  supplied  by  means  of  the 
division  of  labour,  by  which  an  individual  unfitted  for  one  occupa- 
tion could  follow  another ;  and  also  by  the  assistance  and  sympathy 
which  always  existed  even  in  the  lowest  races  of  mankind.  More- 
over, by  the  formation  and  use  of  artificial  weapons  mankind  can 
compensate  for  any  deficiency  in  strength  or  agility. 

These  causes  acting  conjointly  remove  man  from  the  influence  of 
"  natural  selection,''  as  far  as  regards  his  physical  structure ;  but  it<s 
action  is  transferred  to  the  naind.  Those  races  with  the  highest 
inteUectual  endowments,  capable  of  the  greatest  amount  of  orgamza- 
tion,  and  the  fabrication  of  the  most  efficient  arms,  would  of  necessity 
overcome  and  eventually  extirpate  the  inferior  races.  Hence  it  was 
argued  that  the  possession  of  an  intelligent  mind  removed  mankind 
from  the  operation  of  the  laws  of  natural  selection ;  consequently 
his  physical  structure  remained  unchanged,  except  as  far  as  regards 
slight  and  accidental  variations. 

It  was  shown  that  this  theory  harmonized  many  of  the  hitherto 
conflicting  views  of  anthropologists,  by  demonstrating  why  races 
have  so  long  remained  unchanged,  and  are  apparently  unchangeable. 
At  the  same  time,  it  offers  no  opposition  to  the  generally  received 
opinion  of  the  unity  of  the  human  race. 


ROYAL  INSTITUTION.— JfarcA  4. 

Tab  Discrimination  op  Organic  Bodies  bt  their  Optical  Pro- 
perties.— In  a  lecture  on  the  detection  of  organic  bodies  by  means  of 
their  specti*a.  Prof.  Stokes  showed  an  exceedingly  simple  and  practical 
mode  of  distinguishing  between  substances  of  similar  appearance. 
The  solution  of  the  body  to  be  examined  is  placed  in  a  test-tube, 
behind  a  slit  in  a  small  opaque  board;  light  is  allowed  to  pass 
through  the  tube,  which  is  looked  at  with  a  small  prism,  used  with 
the  naked  eye,  when  the  characteristic  appearance  of  the  substance 
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is  at  once  evident.  In  this  manner  solutions  of  blood  and  of  port 
wine  of  eqnal  intensity  of  colour  are  capable  of  being  instantly  dis- 
tinguished from  each  other. 

Prof.  Stokes  has  applied  this  test  to  the  green  colouring  matter 
of  the  bile,  supposed  by  Berzelius  to  be  identical  with  chlorophyll, 
and  has  discovered  that  it  is  perfectly  distinct.  Chlorophyll  yields 
solutions  in  alcohol,  ether,  etc.,  which  are  characterized  by  vexy 
strongly  marked  bands  of  absorption,  that  are  wholly  absent  in  the 
solutions  of  the  colouring  matter  of  tiie  bile,  which  has  been  named 
Biliverdin.  There  is  no  doubt  but  that  the  easy  and  practical  mode 
of  discrimination  designed  by  Prof.  Stokes  will  be  of  very  great 
value  to  the  working  chemist  and  medical  jurist  in  the  distinction 
of  organic  substances  of  nearly  similar  appearance. 


ARCHLSIOLOGICAL  INSTITUTE.— ifarc*  4 

Akgiekt  Habitatioks  in  Anqlesba. — TheHonourableW.  0.  Stanley 
communicated  a  very  interesting  account  of  the  remarkable  circular 
habitations  found  in  Anglesea,  being  particularly  abundant  in  the 
neighbourhood  of  Holyhead.  These  habitations,  which  are  usually 
from  15  to  20  feet  in  diameter,  are  designated  as  CuUier  Owyddelod^ 
or  the  Irishmen's  huts,  in  the  maps  of  the  Ordnance  Survey ;  there 
appears,  however,  but  little  doubt  that  the  title  is  an  erroneous  one. 

Each  habitation  is  formed  of  turf,  with  two  stones  forming  the 
aides  of  the  entrance ;  these  are  often  found  standing  in  the  erect  posi- 
tion. A  detailed*description  was  given  of  the  opening  by  Mr.  Stuiley 
and  Mr.  Albert  Way  of  a  village  consisting  of  upwards  of  one  hundred 
houses,  standing  on  a  terrace  about  six  hundred  yards  in  length  £rom 
north-east  to  south-west.  On  this  terrace  the  houses  were  placed 
close  together,  but  without  any  regularity  or  plan,  except  that 
the  openings  were  almost  always  turned  towards  the  south-east. 

A  very  early  age  was  assigned  to  these  dwellings  by  the 
author  of  the  paper,  who  regarded  them  as  having  being  constructed 
before  the  use  of  iron  or  other  metals  was  known  in  the  locality. 
He  thought  therefore  that  they  must  have  been  erected  by  the  abo- 
rigines long  before  the  invasion  of  the  Bomans  ;  and  not,  as  their 
popular  name  implies,  by  immigrants  from  Ireland. 

Mr.  Morgan  stated  that  dwdlings  of  a  precisely  similar  charac- 
ter existed  in  Monmouthshire,  which  certflonly  were  not  the  work 
of  Irish  invaders. 
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NOTES  AOT)  MEMORANDA. 

GsBica  07  iKTtrBOBiA. — H.  le  Tioomte  GhMton  d*Aavray  has  addresied  a  let- 
ter to  the  French  Academy,  stating  that  by  means  of  an  apparatus, which  he  calls 
a  dialf^er,  he  filters  water  or  other  liquid  so  as  to  separate  and  collect  the  germs 
of  Infusoria.  He  finds  two  sorts  of  germs,  ffreenish  grey  and  pearly  white.  He 
savB  they  exist  in  all  water,  even  when  distilled,  although  most  plentiful  in  that 
which  is  impure.  In  air  he  also  finds  them,  and  they  abounded  in  the  thick  fog  of 
2nd  of  December,  1863.  All  the  grey  germs  are  spherical,  rarying  in  diameter 
from  0'"".00024  and  0"",00034.  The  pearl  white  corpuscles  are  of  three  sorts : 
A  and  B  spherical,  their  diameter  being  0*^,00040  and  O*"",00065  $  G  are  oroid, 
with  lesser  axis,  (r",00065,  and  major  axis  (r*,00080.  The  grey  corpuscles  he 
calls  germs  of  protophytes ;  the  white,  of  animalcules,  among  which  he  includes 
^  Tibrions.  If  the  corpuscles  are  all  removed  from  water,  but  the  debris  of  organio 
matter,  such  as  bits  of  textUe  fabrics,  vegetable  epiderm,  pollen  grains,  butterfly 
scales,  smoke  particles,  allowed  to  remain  in  a  flask  which  is  sealed  hermetically, 
no  life  is  developed,  and  the  result  is  negative  if  some  white  of  the  white  corpus- 
cles are  added.  If  however  some  of  the  greenish  grey  corpuscles  are  added,  first 
protophytes,  then  amoebae,  monads,  and  vibrions  appear.  If  into  these  flasks  con- 
taining the  grey  corpuscles,  the  white  ones.  A,  B,  and  0  are  added,  A  yidds 
amcsbs,  B  monads,  and  0  vibrions.  H.  d'Auvmy  states  that  he  is  preparing  a 
work  on  this  subject,  and  when  the  details  are  known  his  experiments  can  be 
checked  by  other  observers.  One  of  his  most  remarkable  statements  that  demand 
verification,  that  some  germs  are  able  to  withstand  strong  acids,  prolonged  boiling, 
or  attempt!  at  oaloination,  by  passing  the  air  containing  them  through  red  hot 
tubes. 

Goixikb'  Bihoculab  Mioboscofs.— This  is  a  large,  handsome  instrument, 
presenting  some  novel  and  ingenious  peculiarities.  It  carries  two  object-glasses 
on  a  dovetailed  arm,  sliding  in  a  groove,  so  that  a  change  of  powers  can  be 
instantly  made.  We  should  think  this  mode  of  construction  would  require  even 
greater  attention  to  accuracy  than  the  ordinary  double  nose-piece ;  but,  if  accu- 
rately centered,  it  afibrds  certain  advantages.  The  next  important  speciality  is 
the  facility  with  which  the  polarizer  (carried  under  the  staffed  can  be  brought 
into  play,  and  the  analyser  made  to  replace  the  prism  of  the  omocular  arrange* 
ment,  by  drawing  in  or  out  the  slide  which  carries  both.  In  certain  chemical  and 
medical  investigations,  these  arrangements  are  very  convenient,  and  several  emi- 
nent members  of  the  medical  profession  haie  expressed  great  satis&ction  with 
Mr.  Collins*  labours. 

The  stage  is  furnished  with  a  magnetio  bar,  and  if  likewise  supplied  with  the 
ordinary  o^ect-holder  and  cHp,  its  range  of  utility  would  be  [increased,  as  the 
magnetio  plan,  though  good  for  slides,  is  not  well  adapted  for  heavier  articles  like 
zoophyte  troughs.  We  carefully  examined  the  optical  part  of  one  of  these  instru- 
ments and  found  it  fully  equal  to  all  ordinary  requirements.  Mr.  OoUins  has 
taken  an  honourable  place  amongst  those  opticians  who  offer  students  a  great  deal 
of  convenience  for  a  small  sum  of  money.  In  first-rate,  costly  instruments  all 
kinds  of  wants  are  provided  for ;  but  where  price  is  an  object,  the  purchaser 
must  consider  what  he  stands  most  in  need  of,  and  what  he  can  best  dispense 
with.  Under  such  circumstances  tastes  and  necessities  wiU  lead  to  much 
difference  of  opinion,  but  it  would  be  admitted  on  all  sides,  that  Mr.  CoUins' 
binocular  is  weU  entitled  to  consideration,  and  likely  to  meet  the  wishes  of  a  large 
dass. 

Ksw  SouBOB  09  Potash. — A  coral-red  subtranslucent  mineral,  reported 
to  have  been  obtained  from  Cheshire,  has  been  submitted  to  anidvpis  by 
Professor  Church.  He  has  identified  it  with  the  camallite  of  M.  H.  Bose ;  ft 
contained  26*7  per  cent,  of  chloride  of  potassium.  It  is  most  probable  that  this 
rich  source  of  potash  overlies  the  rock-salt  beds  of  this  country  as  well  as  those  of 
the  foreign  localities  where  camallite  has  been  found.  It  has  been  suggested  that 
it  was  fonned  in  the  lati  stages  of  the  diying  up  of  ancient  sets. 
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Pebvbabilitt  ov  ^BTixs  AT  HiaH  Tehfebatubbs.— M.  L.  Gailletet  has 
made  the  follomng  oommunication  to  the  French  Academy.  After  remarking 
upon  the  facts  mentioned  bj  MBC.  H.  St  Olaire  DeyiUe  and  Troost,  who  found 
that  iron  at  a  high  temperature  was  completelj  permeable  for  oxjgeo,  and  that  a 
tube,  heated  in  a  fomaoe,  and  filled  with  hydrogen,  allowed  that  gas  to  escape  so 
that  a  vacuum  was  formed,  M.  Cailletet  proceeds  to  detail  his  own  experiments. 
He  says — **I  passed  portions  of  a  sun-barrel  through  rollers  till  thej  were 
flattened.  The  ends  were  then  welded  (taudSea),  Thus  rectangular  pieces  of  iron 
were  obtained,  formed  of  two  plates  in  contact,  and  sealed  at  their  extremities. 
On  strongly  heating  one  of  these  pieces  in  a  furnace,  the  non-welded  portions 
separated,  and  resumed  the  cylindrical  form  and  their  original  Tolame.  It  could 
not,  therefore,  be  doubted  that  the  gaMs  of  the  fumaoe  had  penetrated  the  mass 
of  iron  and  distended  its  walls."  To  a  similar  action  Mr.  Gailletet  ascribes  the 
cavities  in  large  masses  of  forged  iron ;  and  he  states  that  in  the  process  of  cemen- 
tation, (icier  pouUf  or  steel  with  resides,  is  constantly  produced ;  but  if  soft,  per- 
ferfectly  homogeneous  iron,  such  as  can  be  obtained  by  keeping  melted  steel  for 
several  hours  at  a  high  temperature,  be  employed,  it  is  reconverted  into  steel 
withoat  blisters.  M.  H.  St.  Olaire  Deville  remarks  upon  this  communication  that 
it  is  "very  interesting  and  conclusive,"  and  he  adverts  to  the  discharge  of  gas 
from  molten  matter  often  observed  in  metallurgical  operations.  These  gases,  he 
considers,  penetrate  the  walls  of  the  crucibles  by  endosmose^  and  give  rise  to 
bubbles  in  the  metals. 

AonoK  07  PosoiLAnr  and  Latas  at  Hi^h  Tsicpibatitebs  ok  G-asm— 
Possible  Action  op  the  Mook. — M.  Oh.  St.  Olaire  Deville  makes  allusion  to 
the  preceding  facts,  and  states  that  his  brother  and  M.  Troost  have  shown  that  if 
hydrogen  traverses  without  difficulty  the  walls  of  a  porcelain  tube  at  a  high 
temperature,  it  does  not  do  so  when  the  tube  begins  to  soften  or  vitrify.  The  gas 
is  then  absorbed  by  the  vitrified  surface,  from  whence  it  escapes,  leaving  it  porous. 
He  connects  these  fiusts  with  the  appearance  of  certain  lavas.  He  says  the  lavas  of 
Vesuvius,  whatever  the  rate  of  their  cooling,  are  always  crystalline,  and  that  they 
disengsge  aqueous  vapour,  chlorides,  sulphides,  etc.,  as  the  crystallization  pro- 
ceeds, just  as  oxygen  escapee  firom  silver  that  takes  the  rocky  form,  or  air  escapes 
from  freezing  water.  The  crystallization  of  lavas  he  states  to  be  accompanied  by 
increase  of  density  and  evolution  of  heat  He  traces  a  resemblance  between  the 
Oampi  Pblegreei  and  the  surface  of  the  moon,  and  considers  that  the  latter  may 
have  behaved  like  eruptive  matter  with  excess  of  silica,  which  has  a  tendency  to 
consolidate  in  a  vitreous  form,  and  imprisons  gaseous  matter  in  its  solidification. 

M.  YiAL*s  Pbooess  of  EvaBAYiKO.--The  lines  aze  drawn  on  steel  with  a 
&tty  ink,  or  transferred  to  the  steel,  which  is  then  plunged  in  a  bath,  saturated 
with  sulphate  of  copper,  and  acddulated  with  nitric  acid.  In  five  minutes  the 
plate  is  removed  and  washed ;  the  copper  is  removed  with  ammonia,  and  the 
engraving  is  finished.  The  explanation  is  that  the  metallic  solution  deposits 
copper  on  those  parts  of  the  plate  which  are  not  covered  with  ink.  This  copper 
is  removed  by  the  final  washing.  The  acid  penetrates  the  ink  slowly,  and  when 
this  is  accomplished  a  galvanic  circuit  is  .'completed  between  the  deposited  copper 
and  the  steel,  protected  by  the  ink  from  the  simple  deposition.  The  steel  becomes 
the  positive  pole,  and  is  attacked  by  the  sulphuric  acid  liberated  from  the  copper 
by  the  free  nitric  acid.  M.  Yial  states  that  this  action  is  strongest  where  the  ink 
is  thickest,  and  that  lines  are  thus  etched  of  the  proper  depth  and  thickness.  The 
copper  that  results  from  the  electro-chemical  decomposition  is  said  to  be  thrown 
down  on  the  borders  of  the  lines,  and  to  lift  up  the  ink  so  as  to  form  the  pattern 
in  raised  copper,  which  is  removed  by  the  ammonia.  The  process  was  fJEivourably 
reported  on  by  a  Oommission  of  the  French  Academy;  and  when  recently 
euibited  at  the  Society  of  Arts,  some  practical  engravers  present  thought  it 
would  be  adapted  to  the  cheap  and  convenient  reproduction  of  effects  not  requiring 
the  aid  of  shading  in  cross  lines. 
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THE  NATTEEJAOK  TOAD  IN  IRELAND. 

BT  THB  HON.  MRS.  WABD. 
{With  a  Coloured  PhU,) 

Mt  object  in  the  following  remarks  on  the  Natterjack  Toad  in 
Ireland  is  to  present  to  the  reader^  in  a  tangible  form^  a  little 
information  which  has  apparently  remained  latent  for  a  long 
time^  not  reaching  the  general  public^  so  far  as  I  am  aware^  and 
certainly  not  becoming  known  to  myself  till  about  a  year  ago, 
when  I  learned  it  in  various  accidental  ways. 

A  paragraph  appeared  in  a  Dublin  daily  newspaper,  the 
Irish  Times,  on  October  1st,  1862,  headed  ''  Irish  Toads  and 
their  use.''  It  stated  that  the  rarer  British  toad  (Bufo  cala- 
mita)  is  an  inhabitant  of  certain  districts  in  the  county  of  Kerry. 
*'  These  Irish  toads,''  continued  the  writer,  ''  are  very  pretty 
creatures,  utterly  devoid  of  that  cold  slime  and  general  ugliness 
which  render  firogs  an  object  of  aversion.  They  are  quiet  httle 
beings,  and  are  readily  tamed  ;"  and  it  was  added  that  they 
would  be  found  very  useful  in  a  greenhouse,  being  expert  de- 
stroyers of  aphides  and  other  insects.  I  did  not  agree  with  the 
writer's  denunciation  of  the  frogs;  but  I  was  greatly  interested 
in  the  statement  about  the  natterjack  toad  being  found  in 
Ireland,  as  it  tended  to  confirm  an  anecdote  which  I  had  heard 
in  England  two  months  previously.  I  wrote  to  ask  the  editor 
on  what  authority  the  existence  of  Bvfo  calamita  in  Kerry  was 
stated. 

In  reply  I  was  referred  to  the  work  of  Dr.  Charles  A. 
Cameron,  M.R.I.A.,  a  Ouide  to  the  Royal  Zoological  Gardens, 
Phoenix  Park,^  where,  at  p.  46,  I  read,  ''The  common  toad, 
{Bufo  vulgaris)  is  a  native  of  England,  but  is  never  met  with 
in  Ireland,  its  place  being  occupied  by  the  natterjack  toad 
{Bufo  calamita),  which,  however,  is  exceedingly  rare,  and  con- 
fined to  the  county  of  Kerry."     The  proprietor  of  the  Irish  Times 
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(Capt.  L.  Knox)  not  only  presented  me  a  copy  of  Dr.  Cameron's 
little  work  containing  this  information^  but,  to  give  me  still 
more  substantial  evidence  on  the  subject^  most  obligingly 
obtained  for  me  a  live  natterjack  toad  caught  in  Kerry.  It 
arrived  quite  safely  in  the  midst  of  some  moss  in  a  pasteboard 
box^  on  October  11th,  and  thenceforward,  till  it  went  some 
inches  underground  in  November  for  its  winter  sleep,  it  was  a 
pet  and  favourite  in  our  house.  I  readily  agreed  with  the  Irish 
Times  writer's  opinion,  that  it  was  a  ''  very  pretty  creature,'' 
and  appreciated  its  superiority  to  the  frog;  it  ran  in  a  brisk, 
pleasant  way,  with  its  body  well  raised  from  the  ground,  and 
no  doubt  this  might,  by  most  observers,  be  preferred  to  the 
alarming  jump  of  a  frog ;  and  its  beautiful  deer-like  eye  could 
not  fail  to  be  admired.  My  drawing,  from  which  the  coloured 
plate  is  engraved,  correctly  represents  its  size,  form,  and  mark- 
ings, and  is  taken  as  it  appeaored  when  animated  by  the  sight 
of  a  fly  or  spider.  I  was  told  that  it  could  be  very  easily  tamed, 
and  that  some  toads  of  this  species  would  run  across  a  table 
and  take  a  fly  from  the  hand  of  a  person  they  knew.  I  could 
imagine  that  mine  had  probably  done  this,  tor  it  seemed  very 
'  well  to  understand  being  fed,  and  though  it  would  not  eat  from 
my  hand,  it  readily  walked  up  to  any  flies  which  I  placed  near 
it ;  it  would  ''  point"  a  fly,  exactly  in  the  manner  of  a  trained 
dog  pointing  a  covey  of  partridges — then  it  would  perhaps 
mc3ce  one  stealthy  step  nearer — ^then  the  insect  would  disap- 
pear I  swallowed  by  the  toad,  which  caught  it  with  its  tongue, 
as  the  books  inform  me ;  for  the  utmost  I  could  see,  even  with 
close  attention,  was  a  sort  of  i*ed  flash  about  its  mouth,  but 
after  this,  if  the  fly  or  spider  was  large,  my  toad's  head  would 
become,  in  an  extraordinaiy  manner,  confused  in  its  outline,  its 
eyes  closing,  and  appearing  to  sink  to  a  lower  level  till  the  work 
of  swallowing  was  over. 

I  kept  tms  toad  for  a  while  in  a  common  box,  with  a  little 
lace,  or,  strictly  speaking,  ''  net,"  stretched  over  an  opening 
cut  to  admit  air,  and  with  plenty  of  damp  moss  inside ;  but  at 
my  leisure  I  converted  a  hand-frame  from  the  jgarden  into  a 
"vivarium"  for  it,  furnishing  it  with  some  turf  and  heather, 
and  fastening  two  pieces  of  net  over  the  vacant  places  where 
two  panes  of  glass  had  been  broken. 

The  marked  success  of  my  inquiries  so  far,  encouraged  me 
to  ask  more  questions,  and  I  proceed  to  relate  the  facts  which 
were  elicited. 

The  exact  place  in  Kerry  where  the  natterjack  toads  exist 
is  around  the  harbour  of  Castlemaine,  situated  at  the  eastern 
extremity  of  Dingle  Bay,  which  (as  any  map  of  Ireland,  even 
the  outline  ones  which  accompany  Eailway  Guides,  will  show) 
is  the  northern  of  four  or  five  deeply  recessed  inlets  on  the  west 
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coasts  of  Kerry  and  Cork.  Two  Headlands  will  be  discerned^ 
nearly  facing  each  other^  and  forming  the  division  between 
Dingle  Bay  and  Gastlemaine  harbour;  these  are  Inch  Point 
and  Bosbegh  Pointy  and  will  frequently  be  mentioned  in  this 
narrative. 

The  circumstance  of  the  existence  of  these  little  reptiles  in 
this  district  appears  to  have  been  first  publicly  detailed  at  a 
meeting  of  the  Dublin  Natural  History  oodety  on  November 
5th^  1841^  by  William  Andrews^  Esq.,  president  of  the  society. 
On  that  occasion  Mr.  Andrews  presented  to  the  society  four 
specimens  of  the  natterjack  toad,  and  three  rock-pigeons,  all 
which  he  had  secured  during  a  ramble  taken  by  hmi  in  the 
county  of  Kerry  during  the  month  of  August  in  that  year.  He 
accompanied  these  gifts  with  a  most  interesting  lecture,  describ- 
ing the  various  plants  and  animals  which  he  had  met,  in  a 
manner  calculated  to  stir  the  heart  of  a  naturalist.  The  report 
of  this  lecture  is  before  me ;  it  is  contained  in  a  copy  of 
8aunder8^8  News-Letter  for  Tuesday,  November  9th,  1841 ;  and 
Mr.  Andrews  informs  me  that  the  transactions  of  the  society 
were  not  otherwise  published  at  that  time,  which,  he  says,  "  may 
account  for  the  discovery  not  being  mentioned  in  books  of 
British  reptiles.'' 

I  will  quote  his  account  of  the  toads  at  full  length — ^it  occurs 
after  his  description  of  the  productions  and  scenery  of  Brandon 
Mountain,  Ferriter's  Gove,  the  Blasquet  Islands,  and  Cahir- 
Conree.  "  Bosbegh  Island,*'  he  says,  ''  which  forms  the  south- 
eastern terminus  of  Dingle  Bay,  was  next  the  scene  of  my 
rambling.  There  grows  the  rare  and  beautiful  Lathyrua  rtum- 
Umu8  (a  of  Graham,  in  Hooker)  the  only  now  known  locality 
in  Ireland.  Several  sheltered  mounds  of  sand  are  completely 
surrounded  and  covered  by  the  dense  foliage,  and  enlivened  by 
the  purplish-crimson  flowers  of  this  handsome  plant.  Its  roots 
are  remarkably  strong,  and,  not  penetrating  to  any  depth  in 
the  sand,  can  be  traced  creeping  to  the  extent  of  twenty  feet. 
Luxuriating  beneath  the  shade  of  their  broad  and  thicldy-set 
leaves,  the  natterjack  toad  {Bufo  eala/mita)  reposed.  These 
little  animals  (inhabitants  of  heaths  and  commons  in  the 
southern  parts  of  England,  and  on  the  coasts  of  the  Solway 
Frith)  abound  in  the  Island  of  Bosbegh,  and  also  in  Inch.  They 
have  the  thick  and  squat  body,  covered  with  tubercles,  the 
characteristic  of  toads,  with  the  porous  swelling  behind  each 
®y®*  y®*  they  do  not  express  the  fetid  secretion  of  Bufo  vul- 
garis. The  stealthy  yet  animated  action  they  evince  in  setting 
their  prey  is  exceedingly  amusing.  In  their  quiescent  state 
their  colour  appears  of  a  dull  olive  brown,  but  when  excited 
their  eyes  largely  dilate,  displaying  the  bright  gilding  of  the 
irides,  and  their  markings  become  of  a  lively  yellow,  the  mesial 
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stripe  alonff  the  back  appearing  more  stronjily  conspicuous. 
Flies^  grasshoppers^  beetles^  and  tbe  hrvBd  of  insects  are  thdr 
genenS  food,  wbiob  they  take  (only  when  the  object  is  in 
motion)  by  darting  their  tonffae  with  astonishing  rapidity  and 
precision.  Their  note  is  a  phasing  chirp ;  but  in  the  breeding 
season  at  night  they  keep  a  continued  and  confused  noise,  like 
to  the  action  of  a  number  of  spinning-wheels.  Strangers  that 
visit  Bosbegh  during  the  bathing  season  do  not  like  occupying 
the  cottages  near  to  the  beach,  being  alarmed  at  the  nightly 
pranks  of  these  lively  but  harmless  little  creatures.*  The 
peasantiy  have  the  greatest  horror  and  even  dread  of  them, 
and  on  my  expressing  my  astonishment  (at  the  Dingle  side)  at 
the  number  of  those  reptiles  congregated  about  Bosbegh,  was 
readily  answered  [in  Irish]-— 

**  Wild  lyeragh  of  the  blue  dng(m% 
Glencar,  in  which  no  com  ever  grew, 
And  the  high  and  horrid  hilla  to  the  weat  of  Desmond, 
AU  which  Saint  Patrick  nerer  thought  worth  blesatng. 

''  It  appears  that  Saint  Patrick  in  all  his  visitations  through 
Ireland,  never  blessed  Iveragh  with  his  presence,  his  nearest 
approach  being  to  a  bridge  east  of  that  district,  not  far  from 
Killorglin.  The  Iveragh  people  console  themselves  by  saying 
that  the  Saint,  standing  on  the  bridge,  stretched  forth  his  arms 
to  them  ezclauning — 

'  I  bless  je  to  the  west  of  me,  and  it  is  as  well  as  if  I  trarelled  throogh.*  ** 

Iveragh,  I  should  explain,  is  a  barony  in  the  county  of 
Kerry,  situate  immediately  to  the  west  of  Glanbehy  and  the 
mountain  of  Cum^heen,  and  including  the  peninsula,  or,  as  it 
is  usually  styled,  the  island  of  Bosbegh,  which,  as  Mr.  Andrews 
states,  *'  was  formerly  separated  from  the  mainland ;  but  Lord 
Headley's  extensive  improvements  have  converted  marshes  and 
sands,  that  the  tide  once  widely  covered,  into  rich  pastures 
where  hundreds  of  cattle  now  graze.'' 

At  the  close  of  his  lecture,  Mr.  Andrews  said  that  he  had 
received  the  utmost  kindness  and  attention  from  the  coastguard 
officers  at  Dingle  and  Ferriter's  Cove,  as  well  as  from  the  men 
of  the  coastguard  generally  in  that  district ;  and  this  remark 
leads  me  to  the  other  pieces  of  information  which  I  possess, 
and  for  which  I  am  indebted  to  one  of  the  last  mentioned 
officers,  Mr.  Boss  Townsend,  now  residing  at  Balbrigg^n. 

Soon  after  I  had  received  the  information  conveyed  in  the 
old  copy  of  Saunders^s  NewS'Letter,  I  happened  (craftily)  to 
ask  a  distinguished  Irishman,  '^  Are  there  any  toads  in  Ireland?'' 

*  I  am  told  bjT  ICr.  Andrews  that  the  natteijacks  astonished  these  strangers 
not  onlj  by  their  whirrinff  noise,  but  also  by  actoaUy  entering  the  ground-floors 
of  the  cottages,  and  cUmbing  orer  the  furniture. 
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"  Oh  I  surely  not/'  he  answered,  but  on  reflection  added, ''  by 
the  bye,  there  must  be,  for  I  have  seen  a  whole  boat's  crew 
of  them/'  He  directed  me  to  a  place  where  I  might  hear  of 
them,  and  after  some  inquiries  I  made  them  out  in  Dublin  at 
No.  20,  Molesworth  Street. 

What  a  sight,  to  be  sure,  with  the  subject  of  the  natterjack 
toad  in  my  thoughts !  There  I  saw  no  less  than  forty-five  of 
these  creatures,  cleverly  stuffed,  mounted  in  a  case  containing 
a  well  modelled  sea,  with  boats  and  background ;  the  toads 
being  employed  as  the  dramiaiis  personce  in  a  species  of  marine 
entertainment  or  regatta.  I  confess  to  having  felt  a  qualm 
of  sorrow  at  first  seeing  them,  similar  to  that  with  which  the 
'' Wurtemburg  animals''  inspired  me  in  1851,  and  especially 
the  comic  frogs,  which  seemed  to  me  to  quote  Esop,  and  say, 
'^  It  is  sport  to  you,  but  it  is  death  to  us,"  while  I  felt  inclined 
to  answer,  ''It  is  not  sport  to  me ;  I  like  you  better  aUve  and 
well ;"  but  this  feeling  got  over,  how  interesting  to  observe  the 
peculiar  "  mesial  stripe  "  of  the  natterjack,  displayed  on  every 
broad  back ;  and  how  forcibly  the  abundance  in  which  these 
creatures  are  found  is  set  forth  by  the  numbers  here  congregated, 
varying  from  about  half-an-inch  in  breadth  to  dimensions  sur- 

Sassing  those  of  a  full-grown  frog.    The  group  belongs  to  Sir 
ames  Dombrain,  and  the  toads,  as  I  afterwards  ascertained,  , 
were  prepared  by  Mr.  Ross  Townsend,  who  rightly  judged  that 
this  mode  of  presenting  them  to  view  was  likely  to  attract 
notice  to  the  fact  of  their  occurrence  in  Ireland. 

One  of  my  friends  kindly  wrote  to  him,  at  my  request,  for 
some  information ;  this  he  gave  frilly  in  reply,  and  I  shall  pre- 
sently transcribe  it  from  his  letters.  I  have  prepared  the  httle 
map  (see  coloured  plate)  especially  to  illustrate  Mr.  Townsend's 
remarks.  It  is  taken  from  the  '^  General  Map  of  Ireland  [scale 
four  miles  to  an  inch]  to  accompany  the  report  of  the  Railway 
Commissioners,  showing  the  principal  physical  features  and 
geological  structure  of  the  country."  These  particulars,  even 
to  the  depth  of  the  water  in  and  near  Castlemaine  harbour, 
I  have  copied  with  a  view  of  presenting  as  much  as  possible 
to  the  eye. 

''You  wiU  perceive,"  writes  Mr.  Townsend,"  that  the  har- 
bour [of  Castlemaine]  is  formed  inside  the  bar  by  Rosbegh 
Point  on  the  south  side,  and  by  Inch  Point  on  the  north.  .  In 
the  circle  of  this  harbour,  fit)m  Inch  Point  on  the  north,  round 
to  Rosbegh  Point  on  the  south,  passing  Lack,  Castlemaine, 
Milltown,  Killorglin  and  Cromane,  in  all  these  places  toads 
are  to  be  found  in  great  abundance.  The  soil  is  generally  of 
a  light  turf  mould,  or  sand  marsh ;  in  both  of  these  they 
delight  to  keep,  as  the  soil  is  easily  penetrated,  and  they  can 
get  covering  for  themselves  in  the  winter."  Mr.  Townsend  goes 
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on  to  8ay^  that  Mr.  Andrews  in  his  ramble  in  Kerry  had  spent 
some  time  with  him  at  Lack  and  Kiilorglin.  '^  In  one  of  oar 
excursions/'  he  continues^  ^'  on  a  salt  marsh  on  Bosbegh  Point, 
we  fonnd  the  first  toad  [the  place  marked  by  a  red  dot  on  my 
map]  — at  least  the  first  which  was  known  to  be  such  in  ths^ 
part  of  the  country.  Mr.  Andrews  told  me  that  the  late  Mr. 
Thompson  of  Belfast,  who  was  a  naturalist  of  great  research, 
had  mentioned  the  existence  of  toads  in  Keny  as  far  back  as 
1805  ;  but  the  best  informed  of  the  people  of  Kerry  at  the 
time  I  speak  of — 1841't'-'-did  not  know  of  their  existence,  aa 
the  country  people  called  them  '  Black  frogs.' 

''  The  species  I  am  now  describing  is  the  natterjack  toad ; 
you  will  see  its  specific  character,  as  known  in  England,  de- 
scribed fully  in  Cell's  History  of  British  BeptUee,  published  in 
1849 ;  but  Mr.  Bell  was  not  then  aware  of  this  species  being 
found  in  Ireland.  The  natterjack  toad  is  never  found  in 
those  localities  I  have  mentioned  more  than  a  quarter  of  a  mile 
firom  the  sea-shore ;  but  all  round  the  harbour  of  CasUemaine, 
which  you  may  see  is  of  considerable  extent,  they  are  exceed- 
ingly numerous,  and  from  the  month  of  April  imtil  September 
they  could  be  gathered  in  dozens,  as  they  go  forth  creeping,  or 
rather  running  from  one  locality  to  another;  they  make  a  whir* 
ring  noise  during  the  evening  and  night,  when  some  thousands 
of  diroats  are  employed  at  once,  and  which  I  have  heard  on  a  calm 
night  more  than  two  miles  at  sea.''  Mr.  Townsend  adds,  that  on 
one  occasion  he  removed  a  few  dozens  of  them  to  a  coastgfuard 
station,  north-east  of  Dingle,  that  is  to  say,  some  miles  west  of 
Inch  Point,  and  though  he  remained  there  twelve  months,  he 
never  could  trace  one  of  them,  although  the  soil  he  selected  for 
them  was  exactly  like  that  from  which  he  took  them. 

The  simultaneous  disappearance  and  power  of  conceal- 
ment exemplified  by  these  toads,  correspond  closely  with 
some  anecdotes  given  by  Mr.  Couch  in  the  Intbllictuax. 
Obsebver  for  September,  1868 ;  and  their  aptitude  for  escaping, 
which  Mr.  Couch  narrates,  was  proved,  I  much  regret  to  say, 
by  the  little  natterjack  whose  likeness  heads  this  article.  It 
buried  itself  in  November  in  a  mixture  of  sand  and  peat  (or  as 
we  say,  turf- mould)  which  I  had  carefuUy  prepared  for  it  in  a 
wooden  box,  over  which  the  hand-frame  was  placed,  the  comers 
of  the  box  being,  as  I  thought,  securely  stufied  with  moss, 
wedged  down  with  pieces  of  slate.  Nevertheless  it  escaped ; 
for  when  its  non-appearance  in  spring  caused  me  to  make  a 
regulai*  search  for  it,  first  in  the  box,  and  then  in  the  whole 
room,  I  had  the  vexation  of  finding  it  dead  and  dried  to  a 
mummy  in  a  distant  comer. 

*  TS40  in  Mr.  Towxuend's  UUer ;  but  the  newipaper  app«sn  to  fix  iba  date 
in  tlie  following  jeor. 
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The  desire  for  escaping  appears  to  be  a  constant  habitude 
of  the  natterjack;  and  its  powers  both  of  burrowing  and 
climbing  cause  it  to  rival  Baron  Trenck  in  the  success  of  its 
endeavours.  Mr.  Andrews  kept  some  specimens  for  years  in 
his  garden  at  Bathmines^  near  Dublin^  and  has  observed  that 
nothing  but  high  walls^  with  deeply  laid  foundations^  will  avail 
to  secure  them.  Three  or  four  natterjacks  will  assist  three  or 
four  more  to  climb  by  generously  aUowing  their  shoulders  to 
be  used  as  ladders  :  these  creatures  piling  themselves  one  on 
another,  like  Chinese  tumblers,  and  actively  holding  on  to  the 
smallest  inequalities  of  the  wall. 

Mr.  Townsend  concludes  his  letter  by  repeating  the  legen- 
dary stoiy  of  St.  Patrick,  which  he  gives  to  nearly  the  same  effect 
as  Mr.  Andrews  did,  adding,  however,  that  the  persons  who 
told  it  to  him  had  no  idea  that  toads  inhabited  their  neigh- 
bourhood. But,  surely,  we  need  not  complain  of  the  excep- 
tions which  present  themselves  to  the  non-existence  of  reptiles 
in  this  Green  Isle.  If  the  word  of  promise  in  this  matter  be 
broken  to  the  ear,  surely  it  is  fulfilled  to  the  hope ;  we  have 
no  colony  of  snakes,  no  lurking  adders,  although  we  now  and 
then  meet  with  the  sand  lizard  ;  are  plentifully  suppUed  with 
the  firofl^  and  smooth-newt,  and  possess  in  Kerry — and  pos- 
sibly ebewhere  in  Ireland — an  isolated  party  of  the  harmless 
Nattbbjack  Toad. 
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BY  J.  W.  M'OAULIY. 

It  is  not  our  purpose  to  enter  into  the  minor  details  of  photo- 
graphy ;  we  shall  content  ourselves  with  noticing  the  character- 
istic features  of  the  various  processes,  remaining,  once  for 
all,  that  each  of  them  may  be  modified  in  a  great  variely  of 
ways. 

The  Baguerreotype  Process.  A  silver  plate  of  the  required 
size,  having  been  most  carefully  cleaned,  is  iodized,  or  bromo- 
iodized,  by  the  exposure  of  its  silvered  surfiaoe  to  the  vapour 
of  iodine^  or  of  iocune  and  bromine ;  it  thus  acquires  a  golden 
colour.  Having  been  then  placed  in  the  camera  and  exposed 
to  light  for  a  length  of  time,  varying  with  the  state  of  the 
atmosphere,  it  is  submitted  to  the  action  of  the  vapour  of 
mercury,  which  brings  out  a  picture  that  was  before  invisible. 
The  silver  salts  which  have  not  been  decomposed  by  the  action 

*  Iliis  is  th6  eeoond  artiole  of  a  lerios.  The  fint,  on  The  Hiitoiy  of 
Fhoiogmphy,  appeared  in  Ko.  87|  April,  1S64.  The  third  and  condnding 
paper  niU  be  given  at  an  early  date. 
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of  light  in  the  camera^  are  then  removed  by  a  strong  solution 
of  common  salt^  or  a  weak  solation  of  hyposulphite  of  soda^ 
which  takes  away  the  golden  tint ;  and  finally^  the  plate  is 
washed  with  hot  distilled  water.  If  the  exposure  in  the 
camera  is  allowed  to  exceed  a  certain  limits  the  mercurial 
vapour  will  bring  out  a  negative^  instead  of  a  positive  picture ; 
since  a  certain  amount  of  actinic  action  griyes  to  the  iodide,  etc.^ 
of  silver  a  power  of  condensing  the  mercury,  while  a  greater 
amount  takes  that  power  away. 

Process  with  Paper,  A  very  simple  process  consists  in 
soaking  paper  of  a  suitable  texture  in  a  solution  of  common 
salt,  drying  it  in  blotting-paper,  and  then  brushing  it  with  a 
solution  of  nitrate  of  silver.  If  the  paper  is  required  to  be 
very  sensitive,  iodide  of  potassium  is  substituted  for  the  com- 
mon salt ;  and  if  extremely  sensitive,  bromide  of  potassium  is 
used  instead  of  either.  The  relative  amounts  of  the  salts 
employed  is  of  great  importance.  After  exposure  in  the 
camera,  the  picture  is  fixed  with  hyposulphite  of  soda. 

The  Oahtype,  The  paper  is  washed  with  nitrate  of  silver, 
and  then  dipped  in  a  solution  of  iodide  of  potassium :  in  this 
state  it  is  unaffected  by  light,  but  it  is  rendered  highly  sensi- 
tive by  washing  with  a  solution  of  nitrate  of  silver,  to  which 
acetic  add  and  gallic  acid  have  been  added.  When  removed 
from  the  camera,  the  picture  will  gradually  develop  itself  in 
the  dark ;  but  it  is  brought  out  at  once,  by  gallo-nitrate  of  sil- 
ver and  heating  at  the  fire.  It  is  fixed  with  hyposulphite. 
Pictures  obtained  by  this  and  similar  processes  are  negative  ; 
positives  are  "  printed  **  from  them,  by  placing  them  in  contact 
with  sensitized  papers,  in  a  glass  frame,  and  ^ansmitting  light 
through  them,  for  a  sufBcient  time. 

Awumenized  Paper.  Paper  which  has  been  carefully  coated 
with  albumen  on  one  side,  and  dried,  is  washed  on  the  albu- 
menized  surface  with  nitrate  of  silver.  After  exposure  in  the 
camera,  it  is  fixed  in  the  usual  way. 

It  has  been  found  that  the  coating  of  albumen,  containing 
the  picture,  may  be  removed  from  the  paper,  by  steeping  for  a 
few  moments  in  concentrated  sulphuric  acid,  or  in  a  concentrated 
solution  of  chloride  of  zinc,  and  washing  careftilly  with  water. 
The  albumen  then  resembles  an  animal  membrane,  and  may  be 
placed  on  any  other  surface. 

The  natural  tone  of  a  picture  on  paper  is  very  disagreeable : 
this  is  corrected  by  the  toning  hath,  which  consists  wnost  es- 
sentially of  chloride  of  gold,  mixed  with  one  or  more  other 
salts.  Chloride  of  gold  and  bicarbonate  of  soda  constitute  the 
mixture  very  commonly  employed.  The  toning  bath  should 
deepen  the  tint  to  a  blue,  a  violet,  or  even  a  black,  and  it  may 
be  used  either  before  or  after  fixh^.    The  deamess  of  gold 
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liaa  caused  many  attempts  to  ^abstitute  other  substances  for  it : 
of  those  which  have  been  tried^  chloride  of  platina  with  acetate 
of  soda  gives  the  best  results — ^it  is  nearly  as  effective  as 
chloride  of  gold. 

Albumenized  Qlass.  A  combination  of  several  processes  has 
been  found  most  successful  with  albumen  on  glass.  The  albu- 
menized plate  is  washed  with  a  weak  solution  of  nitrate  of  sil- 
ver to  which  alcohol  has  been  added^  then  with  a  mixture  of 
protoiodide  of  iron,  and  afterwards  with  a  strong  solution  con- 
taining nitrate  of  silver  and  acetic  acid.  After  exposure,  it  is 
developed  with  protosulphate  of  iron,  and  fixed  in  the  ordinary 
way.  Albumenized  glass,  usually  very  slow,  is  by  this  method 
rendered  extremely  sensitive. 

Waaed  Pwper.  Suitable  paper  is  carefully  saturated  with 
liquid  wax,  the  excess  of  which  is  removed  by  blotting  paper, 
and  a  moderately  hot  smoothing-iron.  It  is  then  immersed, 
for  a  considerable  time,  in  a  solution  containing  iodide  and 
bromide  of  potassium,  after  which  it  is  dried.  "When  required 
to  be  used,  it  is  s^isitized  with  nitrate  of  silver  and  acetic  acid : 
it  is  developed  with  a  mixture  containing  gaUic  acid  and  nitrate 
of  silver,  and  fixed  with  hyposulphite. 

Moist  Collodion  Process,  Common  gun  cotton  is  almost  en- 
tirely dissolved  by  a  mixture  consisting  of  about  nine  parts 
ether  and  one  alcohol :  the  solution  is  Collodion.  Alcolene  is 
a  collodion  containing  no  ether.  It  is  obtained  by  dissolving  a 
gun  cotton  which  has  been  prepared  with  100  parts  by  weight  of 
concentrated  sulphuric  add  and  90  parts  nitric  acid,  density 
1*4  in  alcohol,  spec.  grav.  0*808,  and  diluting  the  result,  a 
thick  gummy  mass,  with  absolute  alcohol,  having  an  iodide  in 
solution.  If  weaker  acids  are  employed  ether  will  be  required 
for  solution  of  the  gun  cotton.  The  best  iodide  for  preparing 
a  quick  and  stable  collodion  is  that  of  cadmium;  almost  all  others 
colour  the  collodion,  and  therefore  diminish  its  sensibility. 

A  perfectly  clean  glass  plate  having  been  coated  with  the 
iodized  collocUon,  which  is  allowed  to  solidify,  but  not  to  be- 
come dry,  it  is  immersed  in  a  solution  of  nitrate  of  silver,  and 
then  placed  in  the  camera.  The  picture  is  developed  with  a 
mixture  of  pyrogallic  and  acetic  acids^  diluted  with  water,  and 
is  fixed  in  the  usual  way. 

Protosulphate  of  iron  may  be  used  in  the  developing  mix- 
ture, or — which  is  very  much  better— double  sulphate  of  iron 
and  ammonia,  instead  of  pyrogallic  acid ;  if  formic  add  is  sub- 
stituted for  the  acetic,  the  rapidity  is  augmented,  and  the  pic- 
ture is  rendered  more  intense.  Very  good  results  are  obtained 
if  the  picture  is  developidd  with  protosulphate  of  iron,  and  in- 
tensified with  pyro^allio  add  ana  nitrate  of  silver,  before  the 
fixing  or,  if  there  is  a  tendency  to  fogging,  after  it. 
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Collodion  negatives  may  be  pbtained  with  less  than  half 
the  ordinaiy  time  of  exposure  by  plunging  the  plate^  after  it 
has  been  sensitized  witn  the  nitrate  of  suver,  into  a  concen- 
trated solution  of  acetate  of  silver^  and  developing  with  pyro- 
gallic  acid. 

If^  after  developing  a  collodion  negative  as  much  as  possible 
by  the  ordinary  method^  a  solution  of  sulphuret  of  potassium 
and  a  solution  of  protosulphate  of  iron  are  poured  altematelv 
upon  it^  water  being  used  abundantly  in  washing  it  after  eadbi 
solution  is  employed^  it  will  become  so  opaque  as  to  be  abso- 
lutely black  and  white. 

Collodion  proofs  may  be  developed  positive^  by  means  of 
an  alcoholized  solution  of  sulphate  of  iron  containing  acetic 
acid  and  nitrate  of  potash^  which  makes  the  lights  of  a  dead 
white ;  or  with  an  alcoholized  solution  containing  less  iron  and 
acetic  add^  but  nitrates  both  of  silver  and  potash  and  nitrio 
add;  which  gives  the  lights  a  brilliant  metaUic  appearance. 
The  free  acid  in  each  mixture  tends  in  a  special  manner  to 
preserve  the  shadows.  Without  the  alcohol  the  mixture  would 
not  run  freely  over  the  plate.  Cyanide  of  potassium  is  used 
for  fixing.  The  presence  of  a  small  quantity  of  copper  in  the 
sensitizing  bath  used  with  the  paper  for  positives^  causes  it  to 
afford  vigorous  and  effective  pictures  from  feeble  negatives, 
but  does  not  answer  so  well  witii  good  negatives.  As,  however, 
it  renders  the  process  tedious^  it  is  objectionable  to  tiie  profes- 
sional photographer.  If,  after  developing^  the  plate  is  drained, 
and  coated  with  glycerine,  it  may  be  left  for  some  days  without 
being  finished.  The  glycerine  prevents  the  oxidation  of  the 
iron^  and  increases  the  adhesion  of  the  collodion  to  the  glass ; 
it  has  the  property  of  continuing  moist,  and  is  easily  removed 
with  water. 

Dry  Collodion  Process.  The  glass  plate  having  been  coated 
with  collodion^  sensitized  with  nitrate  of  silver,  and  well 
washed;  it  is  brushed  over  with  a  bromo-iodated  solution  of 
albumen,  which  preserves  it  from  the  decomposing  action  of 
light,  so  that  it  may  be  kept  for  two  years  or  more.  It  must 
be  sensitized  anew  at  least  one  or  two  days  before  being  used. 
Dry  coUodion  reqmres  fonr  times  as  long  mi  exposure  in  the 
camera  as  moist. 

A  preparation  of  malt;  of  malt  and  tannin,  or  of  tannin 
and  glycerine,  has  been  used  with  great  success  instead  of 
the  albumen.  Also  ammonia  has  been  employed  with  excellent 
effect  in  the  development  of  diy  collodion  negatives ;  the  time 
required;  both  for  exposure  and  development,  being  greatty 
shortened.  Ammonia;  for  some  unknown  reason;  has  no  effect, 
occasionally :  the  development  is  effected  in  such  cases  with 
caustic  potash. 
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Photography,  with  Textile,  etc,,  Fabrics.  Having  been 
brushed  over  with  a  moderately  thick  mixture  of  Spanish  white 
and  alcohol^  they  are  allowed  to  dry,  after  which  they  are  care- 
fully poUshed  with  cotton.  Thus  prepared,  they  may  be 
treated  Uke  positive  paper,  and  will  give  as  good  pictures. 

Oarhon  Process.  This  has  for  its  object  a  replacing  of  the 
salts  of  silver  by  carbon  in  an  impalpable  powder,  which  is 
imprisoned  in  a  sensitive  coating.  It  is  founded  on  the  fact 
that  the  persalts  of  iron  communicate  to  organic  matter,  such 
as  albumen,  gelatine,  or  gum,  an  insolubility  which  ceases,  un- 
der the  influence  of  light,  in  presence  of  tartaric  acid.  The 
latter,  in  reducing  the  ferric  compound,  restores  the  natural 
solubihiy  of  the  organic  substance,  and  allows  both  it  and  the 
impalpable  powder  with  which  it  has  been  combined  to  be 
washed  away,  in  proportion  to  the  action  of  the  light,  so  as  to 
reproduce  on  paper  which  has  been  coated  with  the  mixture, 
all  the  varieties  of  light  and  shade.  Gelatine  has  been  found 
to  answer  best  for  the  process.  If  only  the  under  surface  of 
the  coating  is  rendered  soluble,  the  parts  containing  the  middle 
shades  win  be  carried  off  in  the  washing,  as  well  as  those  cor- 
responding to  the  bright  lights ;  this  is  prevented,  either  by 
causing  the  light  to  strike  the  outer  surface  first,  or  by  modify- 
ing the  details  of  the  process.  The  means  of  attaining  these 
objects  have  been  well  treated,  in  a  paper  read  before  the  Pho- 
tographic Society  of  Scotland,  on  December  last,  by  Mr.  Blair^ 
of  Perth.  The  fixation  of  the  picture  is  effected  by  removing 
the  ferruginous  compound  with  acidulated  water;  and  it  is 
rendered  still  more  permanent  by  means  of  alum  or  corrosive 
sublimate.  The  process  has  not  yet  produced  results  at  all 
comparable  to  those  obtained  with  the  salts  of  silver. 

The  Okrysotype.  Paper  is  washed  with  a  solution  of  ammo- 
nia-dtrate  of  iron,  and  dried.  After  exposure  in  the  camera, 
the  faint  image  then  perceived  is  brought  out  strongly  by  wash- 
ing with  a  neutral  solution  of  gold,  and  is  fixed  by  means  of 
water  acidulated  with  sulphuric  acid,  and  subsequent  treatment 
with  bromide,  or,  which  is  better,  iodide  of  potassium. 

The  Awrotype.  Paper  is  washed  with  protocyanide  of  po- 
tassium and  g(^d,  then  dried.  It  will  now  darken  very  rapidly 
when  acted  on  by  light,  and  the  blackening  continues  in  the 
dark.  Several  combinations  of  gold  and  cyanogen  may  be  used. 
_  The  Platvnoiype,  If  a  ferrocyanide  of  potassium  and  pla- 
tina  is  formed,  by  mixing  a  boiling  solution  of  chloride  of 
platina,  which  is  as  neutred  as  possible,  with  a  saturated  solu- 
tion of  cyanide  of  potassium,  and  paper  is  washed  with  it, 
long  continued  exposure  in  a  camera,  during  sunshine,  will 
cause  a  fiunt  impression  to  be  produced ;  and  wadiing  with  a 
solution  of  proto-nitrate  of  mercury  changes  this  into  a  delicate 
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picture.  Bat^  whatever  may  be  the  details  of  the  process  em- 
ployed, a  platinotype  slowly  vanishes,  even  in  the  dark— 
though,  in  some  cases,  it  gradually  reappears. 

The  Catylissotype.  Paper  is  brushed  over  with  a  mixture 
consisting  of  syrup  of  iodide  of  iron  and  tincture  of  iodine, 
and,  when  dried  with  blotting  paper,  is  washed  with  nitrate 
of  silver.  After  exposure,  notning  is  perceptible ;  but  a  pic- 
ture gradually  developes  in  the  dark.  The  name  of  the  process 
is  due  to  the  supposition  that,  when  the  silver  salt  has  been 
slightly  affected  by  the  light,  a  catalytic  action  sets  in,  and  ex- 
tends itself  to  the  salts  of  iron. 

Enlarging  of  Images,  The  megascope,  invented  in  1780, 
is  used  to  produce  large  from  small  proofs ;  thus,  to  obtain  from 
a  microscopic  negative  on  glass,  a  portrait  of  the  natural  size. 
It  never  gives  an  agreeable  picture,  but  skilful  retonching  may 
diminish  its  imperfections.  The  solar  microscope  answers  well  for 
the  same  purpose  ;  the  negative  being  placed  in  the  focus  of  the 
objective,  and  the  sensitized  paper  on  a  screen  in  a  darkened 
room.     The  electric  light  may  be  used,  but  solar  is  preferable. 

Heligrwphy,  This  is  understood  to  comprise  the  effects  pro- 
duced by  light  on  non-metallic  substances ;  but  is  wppliea  es- 
pecially to  a  development  of  the  discoveries  of  Nicephoms 
Kiepce,  which  has  become  very  important,  since  it  affords  a 
means  of  obtaining  impressions  from  metallic  plates  and  litho- 
graphic stones.  Niepce  used*asphaltum,  but  Daguerre  re- 
marked that  all  bituminous  resins  and  the  residues  of  essential 
oils  are  decomposed  by  sunshine.  Vegetable  juices,  also,  are 
sensibly  affected  by  it.  In  the  process  employed  by  M.M. 
Lenudtre  and  Niepce  de  Soint  Victor,  a  carefully  cleaned  plate 
of  polished  steel  is  coated  with  a  solution  of  bitumen  of  Judea 
in  essence  of  lavender,  and  dried  by  heat.  A  transparent  posi- 
tive is  then  placed  over  it,  and  after  the  bitumen,  which  has 
been  rendered  soluble  by  sufficient  exposure  to  hght,  has  been 
dissolved  off  by  a  mixture  of  rectified  oil  of  naphtha  and  ben- 
zine, it  is  washed  and  dried.  The  plate  is  next  acted  on  by 
nitric  acid  diluted  with  water  and  mixed  with  alcohol,  and, 
having  been  again  washed  and  dried,  it  is  covered  with  finely 
powdered  resin,  and  heated.  This  hardens  the  bitumen,  and 
in  the  shadows  forms  granulations  which  give  good  impressions 
with  ink. 

If  a  picture  ia  obtained  with  bitamen,  by  the  method  of 
Niepce,  and  the  plate  is  then  placed  in  an  electrotype  apparatus, 
copper  will  be  deposited  upon  it,  on  connecting  it  with  the 
negative  pole ;  but  it  will  be  corroded  in  the  lights,  on  con- 
necting it  with  the  positive.  A  plate  may,  therefore,  be  obtained 
which  will  give  impressions  like  an  engraved  copper-plate,  or 
like  an  engraving  on  wood. 
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Photolithography.  The  stone  is  covered  with  a  yamish 
conaisting  of  bichromate  of  ammonia^  water^  and  albumen^  and 
when  dry  is  exposed  to  lights  under  the  eng^ving^  etc.^  which 
is  to  be  copied.  Nothing  is  visible  until  the  sorface  of  the 
stone  is  washed  with  Marseilles  soap^  which  removes  the  solu- 
ble portions — ^those  where  no  insoluble  oxide  of  chrome  has  been 
formed^  and  which^  being  allowed  to  act  for  a  sufficient  time^ 
slightly  hollows  the  stone  wherever  its  surface  has  been  laid  bare. 
If  it  is  then  wetted  andinked^  as  for  lithog^phy^  the  ink  enters 
the  hollows,  but  it  is  repelled  from  the  parts  in  relief,  which 
are  to  form  the  lights.  The  engraving,  etc.,  is  not  reproduced 
in  reverse,  nor  is  it  injured  by  the  process  of  preparation. 

Barreswil's  method  consists  in  covering  the  stone  with  a 
solution  of  bitumen  of  Judea  in  ether,  which  forms,  not  a  var- 
nish, but  a  granulation.  A  negative  is  laid  on  this ;  and  the 
portions  of  the  bitumen  rendered  soluble  by  exposure  are  washed 
off  in  the  usual  way.  Impressions  may  then  be  taken  from 
the  stone ;  and,  for  some  time,  each  is  better  than  the  preced- 
ing one. 

Zinco-photography,  Paper  is  prepared  with  bichromate  o 
potash  and  gelatine,  and,  after  having  been  exposed  under  a 
negative,  is  covered  uniformly  all  over  with  ordinary  litho- 
graphic ink ;  it  is  then  washed  with  gum  water,  which  removes 
the  unaltered  gelatine,  and  leaves  a  well-inked  positive  picture. 
TbiB  is  transferred  to  a  properly  grained  zinc  plate,  by  pres- 
sure ;  after  which  the  process  is  that  ordinarily  used  with  zinc. 

Photographic  Engraving.  Dilute  nitric  acid  dissolves  the 
silver  from  a  Daguerreotype,  without  acting  on  the  portions 
covered  with  mercury.  In  this  way  may  be  obtained  a  plate 
which  will  afford  a  few  tolerable  impressions.  A  great  im- 
provement is  effected  by  rubbing  grease  into  the  cavities  formed 
by  the  acid,  gilding  the  prominent  parts  by  the  electrotype 
process,  and  then  deepening  the  hollows  with  acid.  The  plate 
must  then  be  finished  with  the  burine,  which  of  course  injures 
its  truth  as  a  photographic  product. 

Photography  in  Belief.  A  sheet  of  gutta-percha  ns  coated 
with  a  mixture  of  gum  arabic  and  bichromate  of  potash,  and 
when  dry  is  exposed  in  the  camera.  The  parts  of  the  gum 
which  have  thus  been  rendered  soluble  are  then  washed  away 
with  water;  after  which  the  sheet  is  dried.  It  is  next  held 
horizontally,  the  gummed  side  being  under,  and,  the  comers 
being  pinched  up  so  as  to  form  a  kind  of  rectangular  trough, 
hot  water  is  poured  upon  it.  This  causes  the  gutta-percha  to 
become  prominent  wherever  the  gum  has  been  removed ;  and 
thus  the  lights  appear  in  a  relief,  which  is  unfortunately  too 
great. 

General  Ooloraiion  of  Photograplis.   Besides  the  care  usually 
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bestowed  on  toningi  the  uniform  tinting  of  photographs  has 
received  considerable  attention^  as  a  means  of  improving  their 
appearance.  This  is  brought  about  in  various  ways.  If^  before 
exposure^  a  paper  positive  is  placed  for  a  short  time  in  a  solu- 
tion of  uranium^  then^  on  being  taken  out  of  the  camera^  is 
washed  for  a  few  seconds  in  water  at  a  temperature  of  from 
122"  to  140''  Fahr.^  and^  immediately  afterwards^  is  plunged  into 
a  solution  of  red  prussiate  of  potash^  it  will  soon  acquire  a 
fine  red  colour.  Being  now  dipped  in  a  solution  of  nitrate  of 
cobalt^  and  dried  at  the  fire^  it  will  become  green ;  and  this 
colour  is  fixed  by  immersing  in  a  solution  containing  sulphate 
of  iron  and  sulphuric  acid^  washing  with  water^  and  drying  at 
the  fire.  If  a  solution  of  prussiate  of  potash  is  used  instead 
of  that  of  uranium^  and  a  solution  of  bichloride  of  mercury, 
saturated  in  the  cold^  after  the  paper  has  been  taken  from  the 
camera,  followed  by  a  solution  of  oxalic  acid  heated  to  from 
about  122"*  to  140"  Fahr.,  the  colour  will  be  a  beautiful  blue. 

Heliochromy.  Among  the  various  processes  used  by  Niepce 
de  Saint  Victor  for  the  reproduction  of  colours,  the  following 
were  found  to  be  the  most  efiective : —  A  plate,  like  that  used 
for  the  Daguerreotype,  is  immersed  for  ten  minutes  in  a  solu- 
tion of  chloride  of  copper,  or  of  iron,  saturated  to  a  degree  suited 
to  the  reproduction  of  the  mean  colours  of  the  spectrum,  and 
then  gently  heated  with  a  spirit-lamp ;  if  light  which  has  passed 
through  a  transparent  coloured  picture  is  now  thrown  upon  it, 
the  various  tints  will  be  produced,  but  will  vanish  immediately. 
If,  however,  the  bath  employed  consists  of  half  proto  or  sesqui- 
chloride  of  iron  and  half  sulphate  of  copper,  the  colours  of 
objects  are  reproduced  with  great  vividness,  with  the  excep- 
tion of  yellow ;  and  even  this  is  obtained  by  using  a  bath  of 
hypochlorite  of  soda,  containing  some  alcohol  and  raised  to  a 
temperature  between  158°  and  176*  Fahr.,  stirring  the  plate 
about  in  the  mixture,  until  it  is  nearly  black,  then  washing 
with  water,  and  drying  with  the  flame  of  a  spirit-lamp.  Before 
exposure,  and  while  still  lukewarm,  the  plate  is  coated  with  a 
varnish  which  consists  of  dextrine  and  chloride  of  lead,  and 
dried  by  heat.  This  varnish  causes  the  colours  to  appear  with 
great  brilliancy,  and  brightens  the  white  ground,  on  account  of 
&e  chloride  of  silver  being  bleached  by  the  chloride  of  lead. 
When  a  bath  consisting  of  dentochloride  of  iron  and  sulphate 
of  copper  has  been  used,  fused  chloride  of  lead  prepared 
directly  from  the  metal  must  be  employed ;  but,  when  a  bath 
consisting  of  hypochlorite  of  soda,  unfused  chloride  of  lead, 
that  it  may  neutralize  the  action  of  the  alkaline  solution,  and 
tincture  of  benjamin  of  Siam  is  to  be  added  to  the  varnish. 
After  the  picture  has  been  obtained,  the  plate  is  to  be  heated, 
gradually,  to  the  highest  point  short  of  carbonizing  the  organic 
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zna^r.  This^  if  tlie  whole  thickness  of  the  sensitive  coating 
has  been  acted  on  by  the  lights  intensifies  the  colours^  other- 
wise it  changes  the  blues  to  violet^  and  the  black  to  red.  It 
renders  the  tint  so  permanent  that^  when  the  iron  and  copper 
bath  has  been  nsed^  they  are  not  destroyed  by  less  than  ten  or 
twelve  hours'  exposure  to  diffused  light ;  and  when  the  soda 
bath^  not  by  less  than  three  or  four  days'  exposure  to  the 
bright  light  of  summer.  The  colours,  in  these  processes^ 
make  their  appearance  one  after  another.  Those  of  natural 
objects,  on  account  of  the  white  light  always  mixed  with 
coloured  rays,  are  more  or  less  vitiated ;  and  when  the  hues  of 
the  spectrum  are  reproduced,  a  disagreeable  violet  shade  is 
found  to  pervade  them  all.  The  binaiy  colours,  or  those 
formed  by  a  union  of  two,  are  decomposed  by  heliochromy ; 
hence  the  green  of  the  emerald  will  be  reproduced  by  it ;  but 
the  green  formed  by  a  mixture  of  chrome  yellow  and  Prussian 
blue,  will  afiTord  only  blue.  It  has  been  asserted  that  the 
colours  may  be  completely  fixed  by  alloxan ;  but  this  requires 
confirmation. 

Encaustic  Photography.  A  thin  glass  plate  is  coated,  in  the 
dark,  with  a  mixture  consisting  of  bichromate  of  potash,  honey, 
white  of  egg,  and  water,  and  dried  in  a  gas  stove.  It  is  next 
placed  under  a  positive,  in  a  copying  frame,  which  produces 
upon  it  a  weak  negative.  Pulverized  enamel  is  then  rubbed 
on  with  a  soft  brusn,  until  a  good  positive  is  produced,  which 
is  fixed  with  alcohol,  to  which  a  little  acetic  or  nitric  acid  has 
been  added ;  when  tiie  alcohol  has  evaporated  from  its  surface, 
it  is  put  horizontally  into  a  dish  containing  water,  and  left 
there  until  the  chromate  is  dissolved  out.  The  picture  in 
enamel  remains,  and,  having  been  properly  dried,  is  put  into 
the  furnace. 


A  CHEAP  OBSERVATORY. 

BY  FBEDEBICE  BIRD. 

Thb  writer  of  this  article  was  for  several  years  of  the 
number  of  those  observers  who  ply  their  starry  occupation  for 
the  most  part  in  the  open  air,  and  can  well  sympathize  with  his 
brethren  under  the  many  difBculties  with  whidi  their  pursuit 
of  knowledge  has  to  be  carried  on.  He  commenced  his  career 
by  casting  a  metallic  speculum,  and  fabricating  a  telescope 
with  his  own  hands.  His  out- door  station  was  at  a  wooden 
turn-table,  having  around  it  a  circular  bricked  pavement,  and 
many  were  the  delightful  hours  there  spent  in  hunting  up 
nebula  and  the  double  stars. 
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Ottt-door  observation  has,  no  doabt^  its  advantages. 
Telescopes  are  generally  understood  to  work  best  when  the 
object-glass  or  speonlmn  has  attained  tbe  temperature  of  tilie 
snrronnding  air.  And  certainly  those  who  wish  to  familiarize 
themselves  with  the  constellations^  and  the  names  and 
peculiarities  of  their  leaders^  as  the  more  prominent  stars 
are  called^  will  g^t  on  much  better  in  the  open  air^  with*  the 
whole  heavens  before  them^  than  when  looking  through  the 
narrow  opening  of  an  observatory. 

But  when  the  higher  purpose  of  close  telescopic  scrutiny 
is  the  intention^  then  the  shelter  and  many  conveniencies  of 
the  observatory  are  indispensable. 

So  immensely  remote  are  even  the  nearest  of  the  heavenly 
bodies  that  forthe  most  part  weknowlittle  ornothing  of  the  nature 
of  their  surfaces.  The  penciUings  on  their  discs  of  lines^  streaks, 
or  spots^  arising  from  clouds^  oceans^  mountain  chains^  or  other 
unknown  peculiarities  of  their  structure^  are  by  the  mere  effect 
of  distance  reduced  to  the  utmost  delicacy,  and  require  not 
only  the  best  optical  means  to  reveal  them,  but  also  that  the 
observer  himself  should  be  placed  in  an  easy  posture,  and  be 
perfectly  free  from  bodily  inconvenience. 

The  most  interesting  part  of  an  amateur  astronomer^s  work 
consists  in  observing  such  details,  or  in  picking  up  minute 
objects  amongst  the  fixed  stars,  measuring  the  interval 
separating  double  stars,  determining  as  nearly  as  may  be 
angles  of  position,  and  watching  for  variation — one  of  the  moei 
useful  matters  to  which  an  amateur  can  devote  his  aitention-^ 
occasional  sketches  of  lunar  craters  under  different  degrees 
of  illumination,  solar  spots,  as  the  great  orb  rotates  and  brings 
them  into  view;  noting  the  occultations  of  stars  by  the  moon, 
with  a  view  to  decide  the  question,  yet  unsettled,  of  a  lunar 
atmosphere ;  and  many  other  niceties  of  observation  which  not 
only  invest  his  labours  with  interest,  but  impart  to  them  a  real 
value.  To  do  any  of  these  things,  however,  effectively  in  the 
open  air,  with  one's  telescope  agitated  by  the  passing  wind,  and 
a  body  shivering  with  the  cold,  is  clearly  next  to  impossible. 

This  remark  then  leads  to  the  main  object  of  the  present 
article,  namely,  to  describe  a  "cheap  observatory,"  which 
the  writer  has  recently  erected  for  himself,  and  to  show  that  at 
a  very  moderate  outlay  an  amateur,  who  has  the  convenience 
on  his  premises  for  the  erection  of  such  a  building,  need  not  to 
remain  destitute  of  it. 

He  was  led  to  the  erection  of  an  observatory  chiefly  to  afford 
greater  protection  to  a  fine  silvered  glass  speculum,  of  twelve 
inches  aperture,  some  account  of  which  appeared  in  a  former 
number  of  the  Intsllectual  Obssbveb.  Since  then  he  has  com* 
pleted  a  much  finer  one,  of  a  similar  aperture,  having  a  focal 


A  Ckeap  Observatory.  243 

length  of  ni:ie  feet,  fixed  in  an  iron  tube,  and  mounted  on  a 
fine  maho^ny  stand  by  the  late  Charles  Tnlley. 

The  obaerratery  ie  erected  on  the  summit  of  a  sand  rock, 
about  sixty  feet  above  the  snrroondii^  surface,  and  within 
eighty  yards  of  the  Great  Western  Kailway.  The  weight 
of  the  rock  is  fortnnately  sufficient  to  absorb  all  tremors  from 
the  passing  trains,  from  which  when  below  there  was  a  con- 
stant annoyance,  tremors  being  often  perceptible  after  the 
train  had  passed  out  of  hearing. 

The  aspect  of  the  observatory  is  nearly  all  that  could  be 
desired,  being  completely  open  except  in  the  extreme  north, 
and  even  there  a  view  of  all  objecte  8  deg.  below  the  pole  can  be 
obtained.  The  exterior  of  the  building  with  the  front  shatter 
taken  down  is  represented  by  the  following  sketch. 


It  consiste  in  the  first  place  of  a  circular  bricked  building 
carried  np  exactly  five  feet  high,  with  a  low  entrance  door-way 
sufilciently  wide  to  admit  the  telescope  stand.  And  as  economy 
in  the  materiala  and  every  part  of  the  erection  required  te  be 
strictly  observed,  the  bricks  of  which  the  building  is  composed 
were  old  ones  that  had  done  duty  for  several  years  before,  on 
the  same  spot,  in  the  shape  of  a  anmmer  arbour.  They  were 
pulled  down,  cleaned,  and  reset,  and  being  for  the  most  part 
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broken  and  fragmentary,  were  all  the  more  snitable  for  tnmmg 
the  sharp  corre.  The  watla  are  nine  inches  thick  thronghont, 
and  the  interior  diameter  of  the  encloeed  space  nine  feet.  Two 
oouraes  from  the  top,  and  at  equal  interrals,  ore  inserted  six 
slabs  of  stone,  to  which  are  securely  bolted  the  cast-iron  chairs 
carrying  the  flanged  wheels,  on  which  the  roof  was  intended 
to  revolve.  The  wheel  and  its  axle,  and  the  chair,  were  cast  in 
separate  piecee,  and  required,  therefore,  only  two  v&rj  simple 
patterns.  The  wheels  required  turning  in  a  lathe  to  render 
them  true,  but  the  chairs  were  trimmed  np  and  finished  with 
a  file,  and  the  whole  when  completed  cost  exactly  22a.  In 
setting  the  wheels  great  care  was  bestowed  to  range  them 
accurately  in  a  oirole,  and  to  ensure  this  each  one  as  set  was 
tested  by  a  wooden  radius  working  on  a  firm  support  at  the 
centre.  They  were  also  accurately  levelled,  the  one  from  the 
other,  and  when  finished,  thenpper  bearing  edge  stood  half  an 
inch  above  the  level  of  the  final  ring  of  bnckwork. 

The  diameter  of  thatpart  of  the  wheel  which  carries  the 

weight  is  four  inches.     The  flange  extends  beyond  this  three- 

qnfurtera  of  an  inch  more,  and  the  surface  of  the  bearing  part 

is  one  inch  wide,  which  allows  for  slight  irregularity  in  the  iron 

circle.     It  might  also  be  mentioned  that  in  order  to  do  away 

with  iriction,  the  flange  is  not  perpendicular  to  the  bearing 

surface,  but  reclines  away  from  it,  hence  the  edge  of  the  iron 

ring  comes  in  contact  with  the  flange  only  at  its  base.     The 

wheels  may  appear  rather  small,  but  they  are  found  to  answer 

most  perfectly,  and  the  roof  moves  with  fi^edom.     Out  of  the 

six   wheels  it  rarely  happens  that 

more  than  three  take  a  bearing  at 

one  time,  but  when  one  leaves  off 

another  begins. 

A  sketch  of  their  appearance 
when  in  situ  before  the  roof  was 
put  on  is  here  given.  We  next 
come  to  the  wooden  part  of  the 
building,  namely  the  roof.  Here 
again  economy  mteiriosed  and  for- 
bad all  the  woodwork  being  planed, 
so  it  was  used  up  simply  as  it  came 
from  the  saw. 

The  framework  of  the  roof  is 
made  up  of  two  circles,  four  verti- 
cal standards,  and  two  cross  beams.  The  circles  are  both 
of  elm,  and  were  out  in  segments  from  boards  one-ond-a-half 
inches  thick,  they  were  placed  end  to  end  on  a  level  floor  and 
united  by  other  segments  only  an  inch  thick,  these  were  laid 
across  the  joints,  and  all  firmly  united  by  screws. 
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The  larger  cirole  ia  ten  feet  and  the  smaller  eight  feet  in 
diameter.  The  latter  was  momited  over  the  former  on  the  four 
uprights^  and  the  cross  beams  laid  in  their  places  and  well 
secured. 

The  sides  were  then  covered  in  with  light  deal  boards, 
the  edges  of  which  being  ploughed  and  tongued  the  joints 
were  rendered  quite  close  and  perfect,  at  the  same  time  they 
were  securely  naUed  to  the  elm  circles  above  and  below. 

For  the  greater  comfort  of  being  well  inside  the  building 
when  observing,  instead  of  the  front  shutter  being  formed  on 
the  sloping  surface,  it  was  thought  better  to  carry  the  cross 
beams,  on  one  side,  some  distance  beyond  the  edge  of  the  roof, 
to  be  met  by  uprights  standing  verticaUy  on  the  lower  elm 
circle,  the  intervening  surface  being  boarded  up  and  forming 
a  kind  of  porch.  A  window  also  was  inserted  on  the  right- 
hand  side  of  the  porch,  for  the  convenience  of  light  in  the  day 
time.  The  top  surface  of  t<he  roof  and  sliding  shutter  were 
boarded  over,  and  then  covered  with  zinc,  which  was  also 
carried  a  few  inches  down  the  sides,  rendering  all  perfectly 
watertight.  The  sliding  shutter  referred  to  moves  on  rollers 
between  two  strips  of  timber  laid  across  the  top  of  ^he  build- 
ing under  the  zinc,  and  is  opened  or  closed  by  means  of  a 
continuous  cord,  the  ends  of  which  are  attached  to  the  opposite 
ends  of  the  shutter  and  pass  over  appropriate  pulleys,  so  that  it 
can  be  completely  controlled  without  the  necessity  of  going  up 
to  it.  The  upright  shutter  is  removed  entirely  when  a  front 
view  is  required. 

It  now  merely  remains  to  state  that  a  facility  for  motion 
was  given  to  the  roof  by  attaching  an  iron  ring  to  the  lower 
elm  circle.  It  was  formed  out  of  pieces  of  flat  bar  iron  two 
inches  wide  and  about  four  feet  long  each,  holes  were  drilled 
through  and  counter  sunk,  and  the  bearing  edge  made  straight, 
the  bars  were  then  heated  and  bent  to  the  required  curve,  i^ey 
were  put  on  end  to  end,  but  not  quite  in  contact,  in  order  to 
leave  room  for  expansion,  and  very  firmly  screwed  to  the 
circle.  The  roof  was  then  lowered  down,  and  when  the 
iron  edging  rested  on  the  wheels,  the  whole  fabric  was 
put  in  motion  with  a  very  slight  eflFort.  The  movement 
was  rendered  still  easier  by  several  convenient  pushing  handles 
afterwards  inserted,  and  a  good  supply  of  grease  to  ease  the 
friction.  A  few  minor  details  remained  to  complete  the 
structure,  such  as  painting  inside  and  out,  a  bricked  floor  laid 
upon  a  thick  bed  of  aed^es,  a  convenient  shelf  a  foot  wide 
carried  completely  round  the  building  above  the  large  elm 
circle,  from  which  depended  a  valance  of  oil  baize  intended  to 
hide  the  wheels  and  also  to  check  the  draft.  The  building  has 
now  been  in  use  for  several  months,  and  nobly  stood  the  ordeal 
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of  tlie  great  wind  storm  which  swept  over  the  country  not  long 
since^  the  only  mishap  being  a  flight  of  the  top  shutter  which 
was  left  unfastened. 

The  comfort  and  convenience  of  the  building  has  been  found 
very  ereat^  and  the  performance  of  the  specula  immeasurably 
superior  to  what  it  ever  was  when  they  were  used  in  the  open 
air.  They  are  left  permanently  in  the  tube  shut  up  with  tin 
covers^  fitting  closely  to  the  cells  in  which  they  are  mounted, 
and  further  protected  from  damp  by  a  bag  of  sawdust  which 
has  been  steeped  in  a  saturated  solution  of  the  chloride  of  cal- 
cium and  afterwards  baked  thoroughly  dry.  Thus  protected 
their  surfaces  retain  all  their  original  splendour^  and  are 
reflective  in  the  highest  possible  degree.  On  reckoning  up  the 
entire  cost  of  materials  and  workmanship,  it  was  found  not  to 
exceed  the  very  moderate  sum  of  £14. 

Should  any  observer  of  the  heavens,  reading  this  account  of 
a  cheap  observatory,  be  resolved  to  get  under  the  shelter  of  a 
revolving  roof,  it  would  a£Pord  the  writer  pleasure  to  aid  him 
by  any  explanations  and  suggestions  not  already  mentioned  in 
the  foregoing  article. 

G-EKEWLL  CbXBTBBT,  BlBHIKaHAaC. 


CTCADS. 

BT  JOHN  B.  JACE80K, 
Curator  of  the  Kew  Museum. 
{WUh  a  Tinted  FUde.) 

Thebb  is  something  strange  and  peculiar  about  the  cycads— 
something  wierd  and  pre-Adamitish  about  their  very  appearance 
— ^which  fixes  our  attention,  even  at  the  first  glance,  and  the  more 
closely  we  examine  into  the  history  of  these  plants  the  more 
interesting  does  it  become.  In  the  whole  range  of  the  vege- 
table productions  of  our  globe  it  would  be  difficult  to  select  a 
group  of  plants  to  which  more  of  interest  is  attached.  There 
are  not  very  many  of  them,  perhaps  not  more  than  70  or  80 
species,  at  present  existing.  Their  geographical  range  is  some- 
what extended,  for  we  find  them  in  A&Aca,  in  America,  the 
West  Indian  Islands,  and  in  Australia ;  they  are  the  scattered 
remnants,  the  living  representatives  of  a  bygone  flora.  They 
form  a  little  family  circle,  completely  isolated  from  the  remainder 
of  the  vegetable  world.  They  have  no  close  ties  of  relationship 
connecting  them  with  any  other  group  of  plants,  although  pos- 
sessing external  resemblances  to  several.      So  peculmr  and 
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well  marked  are  the  characters  by  which  they  are  known^  that 
having  once  become  acquainted  with  them^  tihe  family  likeness 
is  at  once  recognized. 

It  is  very  strange  that  so"  remarkable  a  family^  and  one 
whose  history  is  fraught  with  so  much  of  interest^  we  might 
almost  say  of  romance^  has  never  yet  found  a  biographer;  no 
one  has  taken  the  subject  in  hand^  and  any  one  wishing  for 
information  concerning  the  cycads  must  seek  for  it  in  brief 
notes  and  passing  allusions  in  a  hundred  different  works.  No 
man  has  undertaken  the  duty  of  introducing  this  family  to  the 
BritiEllL  public.  That  pleasant  task  has  fallen  into  our  hands^ 
and*  we  believe  that  the  readers  of  the  Iktbllectual  Obsebvbb 
will  find  something  to  interest  them  in  the  subject  of  our  paper, 
if  not  in  the  manner  in  which  it  is  treated. 

In  their  cylindrical,  undivided  stems,  surmounted  by  a 
crown  of  folia^,  the  cycads  resemble  palms.  A  good  idea  of 
the  general  habit  of  the  family  is  shown  in  Fig.  1,  which  is  a 
sketch  of  Encephalartos  Oaffer,  Lehm.,  from  a  fine  specimen 
growing  in  the  Boyal  Botanical  Gardens,  Eew,  It  will  be  seen 
that  the  stem  is  undivided,  growing  only  at  the  apex,  and  that 
the  lower  parts  are  marked  with  the  scars  of  the  old  leaves. 
In  exceptional  cases  the  stems  are  divided  dichotomously.  In 
this  affain  cycads  resemble  palms,  for  there  are  one  or  two 
examples  of  forking  stems  even  among  the  palms,  as  Hyphcene 
for  example.  In  the  germination  of  their  seeds,  too,  there  is  a 
similarity  between  them;  but  then,  again,  if  we  look  at  the 
venation  of  the  leaflets  of  their  pinnate  fronds  we  should  be 
inclined  to  think  there  must  be  some  relationship  with  ferns. 
The  arrangement  of  the  veins  is  precisely  that  found  in  the 
free-veined  ferns,  as  shown  in  Fig.  2 ;  indeed,  when  the  fronds 
of  this  plant  were  first  sent  to  this  country,  without  either 
stem  or  fruit,  they  were  believed  to  belong  to  that  family,  and 
the  plant  was,  by  Kunz^,  a  first-rate  authority  upon  ferns,  pub- 
lished as  a  species  of  Lomaria. 

The  most  characteristic  feature  of  the  ferns,  and  one  which 
most  persons  would  look  upon  as  being  a  distinctive  mark  of 
the  family,  is  the  gyrate  vernation  of  their  frK)ndsj  that  is, 
their  being  coiled  up,  like  the  head  of  a  crozier,  in  their  young 
state.  But  this  we  find  is  also  a  character  observed  in  the 
majority  of  cycads.  While  their  habit  of  growth  resembles  the 
pahn,  their  venation  and  vernation  is,  to  all  appearance,  fern- 
like;  but  their  floral  organs  and  their  fruits,  which  are,  of 
course,  the  most  important  parts,  give  us  the  resemblance  of  a 
third  great  natural  order — OonifercR,  the  fir-tree  tribe.  The 
flowers  are  unisexual  and  without  floral  envelopes  {achlamydeoiis) . 
In  the  male  cones  the  one-celled  anthers  are  scattered  in  sessile 
dusters  over  the  lower  surface  of  the  scales.    The  anthers  split 
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up  longitiidmally.  Tlie  frnit  is  prodnoed  in  cones^  closely 
resembling  in  many  cases  those  of  various  kinds  of  coni- 
fers (see  Figs.  2  and  3).  The  size  of  their  cones  varies  mnch 
with  the  different  species^  in  some^  as  those  of  Eneephalartos, 
they  are  of  immense  size^  frequently  measuring  two  to  three  feet 
in  length.  The  hard-cased  nut-like  seeds  are  either  arranged 
along  the  sides  of  altered  leaves  or  scales  as  in  Oycas,  or  at  the 
base  of  the  peltate  scales^  as  in  Encephalartos.  The  seeds  of 
Oycas  are  as  large  as  a  walnut^  while  those  of  8t<mgeria  pao'adoxa 
much  resemble  hazel-nuts. 

With  such  pecuUar  features  as  those  above  described^  it  is  not 
to  be  wondered  at  that  the  early  botanists  were  much  puzzled 
as  to  the  affinities  of  cycads.  Thus  we  find  that  Linnaeus  him- 
self was  at  first  inclined  to  class  them  with  palms  j  but  he  sub- 
sequently changed  his  opinion^  and^  with  Adanson  and  some 
other  authorities^  gt^ve  them  a  place  among  ferns.  After  con- 
siderable discussion  upon  this  difficult  subject^  M.  Richard  came 
to  the  conclusion  that  they  should  constitute  an  order  by  them- 
selves^ under  the  title  of  OycadeoB ;  but  he  still  retained  them 
as  near  allies  of  the  two  former  orders^  giving  them,  in 
fact,  a  place  intermediate  between  palms  and  ferns.  Sub- 
sequent researches  have  proved  that  though  they  resemble  these 
natural  orders,  yet  they  have  no  true  affinity  with  them.  The 
cycads  are  now  placed  in  what  is  no  doubt  their  true  position, 
that  is  among  Gymnogens,  a  class  intermediate  between  En- 
dogens  and  Exogens,  and  associated  with  conifers,  taxads, 
(yews),  and  joint  firSj  from  each  of  which  orders,  however,  they 
are  totally  distinct. 

The  cycads  may  claim  a  high  antiquity,  for  they  certainly 
existed  in  considerable  numbers  in  this  country  during  the 
Oolitic  period,  as  their  remains  well  preserved  in  the  strata  at 
Portland  abundantly  testify,  and  they  may  have  existed  even 
earlier.  It  is  not  at  all  improbable  that  some  of  the  fronds 
found  in  the  Carboniferous  strata,  and  usually  looked  upon  as 
ferns,  are  in  fact  cycads.  The  texture  of  the  fronds  was 
evidently  thick  and  leathery ;  a  characteristic  of  the  family  we 
are  spealdnff  of,  but  much  more  rare  among  ferns.  The  essential 
character  oi  the  flora  of  the  Lias  period  is  the  predominance  of 


Cycadeae,  says  Dr.  Balfour ;  we  find  in  strata  of  that  age  many 
species  of  Gycadites,  Otozamites,  Zamites,  Gtenis,  Pterophyllnm, 
Nelsonia,  and  other  allied  genera.  There  are  few  flowering 
plants  which  can  be  traced  farther  back.  Oycads  formed,  doubt- 
less, part  of  the  food  of  that  mighty  reptile,  the  Iguanodon, 
which  trod  this  earth  when  the  Wealden  beds  were  deposited. 
The  family  must  have  made  an  important  part  of  the  flora  of 
this  country  at  that  remote  period ;  but  with  the  changes  of 
climate  and  circumstances,  brought  about   during  the  great 
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langUi  of  time  which  has  fiinoe  elapsed^  the  oycacLs  have  been 
driven  sonthwardj  until  not  a  single  species  is  now  found  in 
Europe.  Thej  are  not  alone  in  this  respect^  for  palms  and 
gigantic  tree  ferns  flourished  here  too.  C^lj  one  or  two 
species  of  palm  now  exist  north  of  the  Mediterranean^  and 
no  example  of  a  tree  fern.  The  genus  Banksia,  which  we  now 
look  upon  as  being  more  characteristic  than  perhaps  any  other 
of  the  Australian  flora^  was^  there  is  reason  to  think^  at  one 
time^  a  native  of  this  countrv.  We  cannot  be  surprised  there- 
fore to  find  that  the  cycads  have  all  emigrated :  let  us  see 
where  we  find  their  descendants  settled  in  otir  own  day. 

The  geographical  distribution  of  this  family  is  not  confined 
within  such  narrow  bounds  as  was  supposed  a  few  years  ago^ 
many  new  species^  and  new  localities  for  old  ones^  have  been 
recently  discovered*  They  are  perhaps  more  plentiful  in  South 
Afirica  than  in  any  other  part  of  the  world.  Mr.  Bunbury^ 
writing  in  the  London  Jowmal  of  Botany,  says  that  Zamias  are 
among  the  forms  of  vegetation  that  characterize  the  eastern 
parts  of  the  colony  of  the  Cape  of  Good  Hope^  especially  the 
great  tract  of  thicket  extending  along  the  Caffir  frontier.  It 
was  formerly  supposed  that  they  were  not  to  be  found  in  the 
regions  of  tropical  Africa^  but  the  researches  of  Barter  upon 
the  Niger^  ana  Gustav  Mann  upon  the  west  coasts  prove  this 
to  have  been  a  fallacy ;  some  fine  cones  collected  by  these 
two  botanists  now  enrich  our  national  collection  at  Eew^  as  well 
as  some  specimens  sent  by  Dr.  Kirk  of  the  Livingstone 
Expedition.  Among  the  species  most  plentiful  in  South 
Africa  are  Encephalwrtos  Oaffer,  B.  homdus^  and  E.  ptmgens. 
Oycads  are  also  found  in  Mexico^  the  East  and  West 
Indies^  in  Madagascar^  the  warmer  parts  of  Asia^  and 
some  of  the  South  Sea  Islands.  The  recent  researches  of  Dr. 
F.  Mueller  of  Melbourne^  and  Mr.  W.  Hill  of  Brisbane^  have 
added  much  to  our  knowledge  of  the  Australian  forms  of  this 
family.  One  most  interesting  species^  for  the  knowledge  of 
which  we  are  indebted  to  the  latter  botanist^  we  must  mention. 
It  is  Bowenia  gpedabiUs  (Fig.  4)^  of  which  an  admirable  figure 
by  Mr.  W.  Fitch  was  published  in  the  Botcmcal  Magazine 
(T.  6898).  We  borrow  the  following  remarks  from  Sir  William 
J.  Hooker^s  description  of  the  plant,  published  in  that  valuable 
work :— ''  The  discoverer  of  this  singular  plant  was  the  late 
Allan  Cunningham,  from  whom  we  received,  upwards  of  forty 
years  ago,  a  portion  of  a  frond,  coUected  at  the  l^deavour  Biver 
(lat.^  16  deg.  S.)  in  1819,  and  referred  by  him  provisionally  to 
AroidecB  (Draconiium  polyphyUum  M.S.)  Nouiing,  however, 
was  known  further  of  it  till  Mr.  Walter  Hill,  the  zealous  and 
able  head  of  the  Brisbane  Botanic  Gardens,  re^discovered  it  in 
Bockinghftm  Bay,  and  sent  a  young  living  plant,  with  ftdl« 
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grown  dried  leaves^  and  a  male  conei  to  the  Eoyal  Grardens^ 
Kew^  in  1863.  From  these  materials  the  plate  and  description 
have  been  made^  and,  in  accordance  with  Mr.  Hill's  desire,  as 
well  as  our  own,  we  have  attached  the  name  of  the  present 
enlightened  Governor  of  Queensland  (Sir  George  F.  Bowen, 
G.C.M.G.,  Captain  and  Govemor-in-Chief)  to  the  genus,  in 
recognition  no  less  of  that  officer's  position  as  Governor  of  the 
district  of  Australia  in  which  the  plant  was  found,  than  of  his 
liberal  encouragement  to  botany,  and  of  Mr.  Hill's  exertions  in 
particular.  As  a  genus,  the  most  prominent  character  of 
Bowenia  is  the  compound  leaf,  its  general  characters  (all  but 
shape),  texture,  and  venation ;  the  leaflets  do  not  differ  from 
those  of  Macrozamia,  and  are  so  very  similar  to  those  of  some 
West  Indian  Zamias  that  it  is  difficult  to  distinguish  them 
genericaUy,  except  that  in  Bowenia  the  leaflet  is  decurrent  by 
the  petiole,  and  not  articulate  with  the  rachis.  The  habits  of 
growth,  caudex,  etc.,  entirely  accord  with  that  of  the  South 
American  Zamias,  as  does  the  male  amentum ;  the  female  amen- 
tum and  fruit  are  both  at  present  unknown,  but  we  trust  ere 
long  they  will  be  detected  and  published.'' 

Bowenia  is  a  unique  example  of  a  cycad,  possessed  of  leaves 
which  are  more  than  once  divided — the  normal  character  is  the 

1)innately  divided  frond,  as  shown  in  Fig  2.  The  plant  whose 
eaf  we  have  selected  as  an  example  is  one  possessea  of  peculiar 
interest,  as  we  have  before  mentioned,  on  account  of  its  great 
resemblance  to  the  fern  family  in  its  venation.  Its  stem  is  short 
and  globular,  and,  unlike  most  of  the  family,  it  is  not  marked 
with  the  scars  of  fallen  leaves.  When  first  introduced  into 
this  country,  now  about  twelve  or  fourteen  years  ago,  the  plants 
from  their  novelty  realized  large  sums  of  money — ^several  stems 
selling  for  £5  or  more  a-piece. 

One  of  the  finest  collections  of  living  ''specimens  of  this 
family  in  Europe,  if  not,  indeed,  the  ri<mest,  is  that  at  our 
National  Botanic  Garden  at  Kew.  A  very  large  number  of 
species  may  there  be  seen  growing  in  all  their  native  luxuriance 
in  the  magnificent  Pabn  House.  Fig.  1  will  give  an  idea  of 
one  of  these,  which  must  be  of  enormous  age ;  it  is  probably 
one  of  the  oldest  plants  in  the  garden,  and  must  have  passed 
through  many  vicissitudes  in  its  native  land  ere  it  was  trans- 
ported to  our  country.  The  lower  parts  of  the  stem  are 
partiaUy  charred  upon  the  outside,  whidi  looks  as  though  it  had 
suffered  in  one  or  more  of  the  bush  fires  so  common  in  that 
country.  But  it  has  survived  all  its  trials,  and  is  now  in  robust 
health,  and  will  probably  be  so,  we  might  almost  say,  for  cen- 
turies to  come.  The  garden  of  James  Yates,  Esq.,  of  Lauder- 
dale House,  Hi^hgate,  also  contains  a  magnificent  collection 
of  cycads,  induing  many  rare  species.    In  ike  Botanic  Grarden 
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of  Hamburgli^  and  one  or  two  other  continental  gardens^  there 
are  likewise  good  collections. 

There  is  a  great  and  general  partiality  on  the  Continent  for 
the  commoner  kinds  of  cycads  which  are  grown  for  decorative 
purposes.  In  many  of  the  small  nursery  gardens  round  Dresden^ 
Cycas  revoluta  was,  a  few  years  ago,  extensively  cultivated ; 
whole  hothouses  were  devoted  to  nxmierous  specimens  of  this 
one  plant,  and  it  would  appear  to  be  a  profitable  business  the 
growing  of  these  plants,  for  it  is  a  very  general  practice  for  the 
mourners  at  a  funeral  to  carry  fronds  of  this  plant  in  their 
hands  when  following  a  departed  friend  to  the  grave.  The 
custom  originated,  it  is  said,  among  the  Jews,  but  is  not  now 
confined  to  them.  They  are  well  adapted  to  the  purpose,  being 
somewhat  rigid  and  yet  gracefiilly  curved,  and  as  the  pinnao  are 
numerous,  narrow,  and  thickly  crowded  together,  tiiey  have 
somewhat  the  appearance  of  green  feathers  on  a  large  scale. 
The  resemblance  of  the  fronds  of  cycads  to  those  of  pahns  has 
led  to  their  being  substituted  for  them  in  many  Roman  Catholic 
countries  where  pabn  branches  cannot  be  obtained,  and  they 
are  often  carried  in  processions  on  Palm  Sunday.  In  New 
South  Wales  the  fronds  of  Macrozamia  are  generally  used  for 
this  purpose. 

Cycads  have  their  economic  uses,  too,  and  are  therefore 
looked  upon  as  valuable  plants  in  some  of  their  native  countries. 
Thus  we  find  that  from  tne  nuts  of  Oycas  cvrdnaliSf  L.,  which  is 
very  abundant  in  many  of  the  East  Indian  forests,  especially  in 
Malabar  and  Cochin,  a  kind  of  sago  is  prepared.  For  this 
purpose  the  nuts  or  seeds  are  exposed  to  the  heat  of  the  sun  for 
a  few  weeks  to  dry,  the  kernels  are  then  taken  out  and  pounded 
in  a  mortar.  This  flour  is  extensively  used  by  the  forest  tribes 
and  poorer  classes  of  the  natives  in  various  parts  of  India  and 
Ceylon.  This  plant  grows  also  in  the  Fiji  Islands,  but  not  very 
plentifhUyj  a  kind  of  sago  is  there  prepared  from  the  pith  of 
the  stem,  but  on  account  of  the  comparative  scarceness  of  the 
plant  it  is  not  an  article  of  general  use,  and  is  used  only  by  the 
chiefs  and  their  guests.  From  this  species  a  clear  transparent 
gum-resin  exudes,  which  hardens  by  exposure  to  the  sun  and 
much  resembles  gum  tragacanth  in  appearance.  This  gum  in 
India  has  the  repute  of  being  a  good  antidote  for  snake  bites, 
and  is  also  used  for  ulcers  of  all  descriptions. 

The  genus  Macrozamia  has  a  wide  distribution  in  Australia. 
The  nuts  of  Macrozamm  spiralis  form  an  article  of  food  in  times 
of  scarcity ;  they  have,  however,  little  to  recommend  them,  and 
unless  properly  prepared  are  apt  to  produce  unpleasant  effects 
upon  the  system.  This  can  be  obviated  by  first  steeping  the 
nuts  in  water  and  then  roasting  them.  A  quantity  of  gum, 
resembling  tragacanth  both  in  substance  and  appearance,  is 
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exaded  b j  the  qylmdiical  half-buried  stem  of  this  plant.  Gxun 
is  also  eisuded  by  the  fruity  but  it  is  daarker  and  more  trans- 
parent than  that  obtained  from  the  stem. 

In  the  Bahamas,  the  natives  prepare  a  kind  of  starch  from 
the  trank  of  Zamia  tenms,  WiUd.,  whioh  they  use  as  arrowroot^ 
and  for  which,  being  very  pure,  it  is  a  good  substitute.  In 
many  of  the  West  Indian  Islands  another  species  of  the  same 
genus,  Z.  fwrfwracea,  Ait.,  furnishes  a  similar  article  of  food. 
Dion  edule,  L.,  is  a  native  of  Mexico,  and  an  abundant  supply  of 
starch  is  there  obtained  from  its  seeds,  and  forms  by  no  means 
an  unimportant  article  of  food.  The  nuts  of  this  plant  are 
much  larger  than  those  either  of  Cycas  or  Zamia,  and  approach 
nearer  to  those  of  the  AustraUan  genus,  Macrozamia,  the 
ordinaiy  size  of  them  being  about  that  of  a  common  chesnut, 
though  occasionally  seen  much  larger. 

It  will  be  seen  that  starch,  or  sago,  is  produced  by  most  of 
the  plants  belonging  to  this  order,  and  may  be  prepared  either 
from  the  trank  or  the  seeds.  This,  naturally  enough,  led  to  the 
behef,  some  years  ago,  when  the  true  source  whence  our  com- 
mercial sago  was  obtained  was  yet  unknown,  that  it  was 
furnished  by  these  plants.  They  were  then  looked  upon  as 
palms,  and  the  East  Indian  species  acknowledged  without 
doubt  as  furnishing  the  source  whence  our  supplies  were 
obtained )  more  recent  researches,  however,  prove  that  the  sago 
so  largely  imported  into  this  country  is  obtained  from  a  true 
palm. 

We  have  thus  attempted  to  describe  the  peculiarities,  value, 
and  uses  of  one  of  the  most  singalar  natural  orders  in  the 
whole  vegetable  kingdom.  Their  interest  is  not  confined  to 
one  point,  but  is  mamfold,  whether  as  to  their  singular  habits, 
their  geological  history,  or  their  present  economio  uses.  The 
cycads  therefore  deserve  a  greater  claim  upon  oar  attention 
than  has  been  hitherto  given  to  them. 
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DISCOVERT  OF  POISON    ORGANS  IN  PISHES. 

GOXMUmOATBD  BT  HSNBT  WOODWABD,  F.Z.S« 

All  comparatire  anatomists^  from  Cnvier  down  to  the  present 
day^  have  decided  to  treat  the  accounts  given  by  Pliny^  ^Ubxl, 
and  Oppian,  and  other  old  writers^  of  the  poisonous  nature  of 
wounds  inflicted  by  fish-spines  as  incredible^  and  only  deserving 
a  place  among  "  Old  wives'  fables/'  Cuvier  observes^ ''  having 
no  canal^  nor  communicating  with  any  gland^  they  are  unable  to 
shed  any  venom^  properly  so  called^  into  the  wound.'' 

Notwithstanding  the  verdict  of  science  against  the  common 
belief  of  fishermen^  not  only  on  our  own  coasts,  but  on  the 
shores  of  Prance  and  Spain,  and  among  the  natives  of  India 
also,  the  conviction  has  always  prevailed,  that  certain  fishes 
(belonging  to  the  family  of  ^can^A^^en/^ii  or  perches),  armed 
with  strong  spines  upon  the  gill  covers  and  the  dorsal  fin, 
inflicted  poisonous  wounds  with  these  defences. 

That  this  is  really  so  would  seem  to  have  been  proved  by 
numerous  cases  recorded  upon  good  medical  authority,  of 
severe  inflammation  and  permanently  stiffened  joints,  residting 
from  punctures  inflicted  by  the  spines  of  the  ''common 
weever,"  or  "  sting-fish"  {Trackinus  vipera),  of  our  shores. 

The  virulence  of  such  injuries,  has,  however,  always  been 
referred,  in  books  upon  natural  history,  to  the  rugged  and 
lacerated  condition  of  the  wound,  or  to  the  serrated  form  of  the 
spine  which  caused  it.  This  may  be  true  in  the  case  of  wounds 
caused  by  the  cat-fish  and  other  Silnroid  fishes  armed  with 
serrated  spines ;  but  certainly  does  not  account  for  the  vim* 
lence  of  wounds  produced  by  smooth-spined  fishes  like  the 
perch  family. 

Professor  Allman  made  a  most  interesting  communication 
upon  this  very  subject,  so  long  ago  as  November,  1840,  to  the 
Armals  and  Magazine  of  NaJtural  Bistory  (vol.  vi.,  p.  161)« 
He  there  says, ''  On  the  9th  August,  1889, 1  was  wounded  near 
the  top  of  the  thumb  by  a  Trachinus  vipera,  which  had  just 
been  taken  in  a  seine  with  herrings,  sand-eels,  etc.  The  wound 
was  inflicted  by  the  spine  attached  to  the  gill-cover,  during  my 
attempt  to  seize  the  fish.  A  peculiar  stinging  pain  occuired  a 
few  seconds  after  the  wound,  and  this  gradually  increased 
during  a  period  of  fifteen  minutes.  The  pain  had  now  become 
most  intolerable,  extending  along  the  back  of  the  thumb 
towards  the  wrist ;  it  was  of  a  burning  character,  resembling 
the  pain  produced  by  the  sting  of  a  wasp,  but  much  more 
intense. 
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The  thumb  now  began  to  swells  and  exhibited  an  inflamma- 
tory blush^  extending  upwards  to  the  wrist. 

The  pain  was  now  distinctly  throbbing  and  very  excrucia- 
ting. In  this  state  it  continued  for  about  an  hour^  when 
the  pain  began  somewhat  to  subside^  the  swelling  and  redness 
still  continuing.  In  about  an  hour  and  a  half  the  pain  was 
nearly  gone.  Next  morning  the  swelling  of  the  thum^b  had  but 
slightly  diminished,  and  was  in  some  degree  diffused  over  the 
back  of  the  hand,  the  thumb  continued  red  and  hot,  and  pain- 
ful on  pressure  over  the  metacarpal  bone.  In  a  few  days  the 
swelling  had  completely  subsided ;  but  the  pain  on  pressure 
continued  for  more  than  a  week." 

The  spines  of  the  opercula  in  this  fish,  of  which  we  have 
two  species  (the  Trachinvs  vipera  and  the  Trachinus  draoo)^ 
are  deeply  grooved  along  their  edges,  each  groove  terminating 
at  the  base  of  the  spine  in  a  conical  cavity.  The  integument 
is  continued  over  the  spine  to  within  a  very  short  distance  of 
the  point,  forming  a  complete  sheath  for  nearly  its  entire 
length,  and  converting  the  grooves  at  each  side  into  perfect 
tubes,  extending  from  the  base  to  the  point  of  the  spine.  The 
result  of  this  arrangement  is  a  structure  beautifully  adapted 
for  the  conveyance  of  a  fluid  from  the  base  to  the  apex  of  the 
spine. 

The  spines  of  the  dorsal  fin  in  the  Weevers  are  also  grooved, 
but  the  grooves  become  superficial,  and  disappear  towards  the 
base,  and  do  not  terminate  in  cavities  similar  to  those  at  the 
bases  of  the  spines  of  the  opercula.  Professor  Allman  did  not 
succeed  in  detecting  any  specific  gland  connected  with  this 
apparatus,  but  at  the  bottom  of  each  of  the  conical  cavities  of 
the  opercula  he  noticed  a  small  pulpy  mass,  which  he  considered 
might  possibly  be  a  glandular  structure;  but  he  adds,  '^In 
ascribing  to  it  the  property  of  secreting  the  virus,  I  do 
nothing  more  than  hazard  a  conjecture.^' 

The  next  recorded  observations  upon  this  subject  are  by 
Isaac  Byerley,  Esq.,  in  the  Proceedings  of  the  Liverpool 
Literary  and  Philosophical  Society,  vol.  i.  p.  156,  May,  1849. 

Mr.  Byerley  records  carefiiUy  the  effects  produced  by 
wounds  from  these  fishes,  and  gives  also  sections  of  the  spines,  to 
show  the  side  grooves  which  Dr.  Allman  had  already  described. 
He  says  it  has  been  suggested  that  the  fish  is  capable  of 
secreting  mucus  from  its  s£n  of  great  acridity,  which,  follow- 
ing the  spine  into  the  wound,  might  produce  the  effects  men- 
tioned. A  large  quantity  of  mucus  is  secreted  by  means  of 
glands  under  the  skin  in  all  fishes,  but  it  would,  Mr.  Byerley 
considers,  be  very  remarkable  that  the  Trdchinvs  alone  should 
secrete  it  of  so  irritating  a  quality.  The  upper  part  of  the 
membrane  covering  the  spines,  especially  the  opercular  ones^ 
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forms  sach  loose  envelopes  to  them^  that  it  is  quite  possible  a 
portion  of  such  secretion  might  intervene  between  the  spine 
and  its  sheath^  and^  in  that  case^  the  spine  would  always  have 
a  charge  of  virus  ready  for  use. 

I  always  (he  adds)  favoured  the  idea  that  acrid  mucus^ 
either  normally  so  formed^  or  the  result  of  excitement^  was  the 
cause  of  the  phenomena  we  have  been  considering  until  recently^ 
but  having  observed  a  new  structure  occupying  the  grooves  in 
the  spines^  which  appears  to  be  an  organ  destined  to  secrete  a 
specific  poison^  I  have  willingly  given  up  the  doubtful  for  what 
appears  to  be  a  certain  cause. 

And  it  was  just  this  one  mistake  which  prevented  Mr. 
Byerley  and  his  friend  Dr.  Inman  from  arriving  at  probably  the 
true  solution  of  this  interesting  anatomical  point. 

Dr.  Inman  (Mr.  Byerly  teUs  us)  was  fortunate  enough^  not 
having  an  immediate  opportunity  of  examining  the  fishes  in 
their  fresh  state^  to  immerse  them  in  spirit  and  water^  in  con- 
sequence of  which  the  gland  became  more  opaque  and  denser. 

I  (he  adds)  always  had  fresh  fishes  at  hand^  and  in  preparing 
the  parts  for  examination  without  having  used  spirit^  must 
have  torn  the  gland  from  its  usual  resting-place.  In  fact  what 
Mr.  Byerley  saw  only  in  spirit'Specimmis,  was,  in  reality,  no 
organ  at  aU,  but  the  coagulated  mucus  fluid  occupying  the  oper- 
cular grooves  and  the  space  within  the  integument  of  the  spine, 
which  only  became  visible  from  the  effect  of  the  spirit  upon, 
the  secretion.  The  structure  which  he  figures  and  describes  as 
glandular,  is  merely  the  thickened  appearance  of  this  fluid 
under  the  microscope. 

It  remained  for  my  distinguished  Mend  and  colleague  Dr. 
Albert  Gunther,  to  give  a  complete  demonstration  of  this  most 
interesting  point  of  Ichthyological  anatomy.  He  did  so  in 
describing  a  new  species  of  Batrachoid  fish,  from  Panama, 
before  the  Zoological  Society,  on  22nd  March  last. 

Dr.  Gunther  remarked  that  many  fishes  were  dreaded  on 
account  of  their  spine  defences,  such  as  the  Sting-rays  and 
Siluroid  fishes,  and  some  scaly  fishes,  as  the  Weevers.  Exag- 
gerated accounts,  no  doubt,  were  often  circulated  of  the  venom- 
ous nature  of  these  fishes ;  still,  in  some  cases,  it  seems  certain 
the  wounds  must  have  been  poisoned.  No  trace,  however,  of 
an  organ  secreting  a  poisonous  substance  could  be  found,  and 
all  handbooks  of  comparative  anatomy  denied  the  presence  of 
such  a  gland  in  any  fish. 

The  axil  of  the  pectoral  fin  of  many  Siluroid  fishes.  Dr. 
Gunther  observed,  contained  a  cavity  with  a  mucous  fluid, 
which  might  be  introduced  into  a  wound  by  means  of  the 
pectoral  spine  like  the  poisoned  arrow  of  the  Bushman.  He 
had  no  doubt  of  the  poisonous   nature  of  the  contents  of 
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thia  azillAry  sac  after  dificOTerinff  in  auotlLer  aeaas  of  fishes 
a  poison-organ  which  stractaraUy  ia  identicfu  with  and  as 
complete  aa  that  of  the  venomouB  soakeB.  Thia  fieh  belongs 
to  the  iamily  BatrachidcB,  and  a  single  species  of  the  genns 
has  already  been  described  in  the  Mnseum  catalogae  of 
fishes,  part  iii.  page  174,  nnder  the  name  Thalagaophryne 
maculata.  Being  a  rery  small  species.  Dr.  Gunther  did  not 
discover  the  apertures  in  the  spines,  although  really  exist- 
ing. A  second  species  having  been  recently  bronght  over 
with  a  collection  of  fishes  irom  Qaatemsia  by  Messrs.  Salvin 
and  Godman,  which  has  been  named  Thaltueophryne  retioulataf 
being  ten  and  a-half  inches  long,  the  struotnje  of  these  spines 
was  more  easily  discovered. 

This  fish  is  turned  with  a  single  sharp  spine  upon  each 
Dperonlar  bone,  and  two  npon  the  dorsal  fin  eight  lines  in 
length.  Each  spine  has  an  aperture  on  its  anterior  sm-ihce 
jnst  below  the  apex,  and  upon  pressing  back  the  intega* 
ment  in  which  it  is  enveloped  nearly  to  its  summit,  a  thick 
creamy  fluid  flowed  or  spirted  from  the  aperture.  Upon 
removing  the  integument  with  a  dissecting  knife  a  small 
Bao    or  reservoir  was   exposed,    attached   to   the  opercular 
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a  a,  Tbt  apaimhr  ipiiui,    b  I,  The  d<mal  tpiiut.   S  i,  Opoiiiig  in  poJien  mo. 
t  e.  The  tnnooiu  ouiali. 

bone  near  its  base,  which  contained  the  same  creamy  fluid 
which  had  previously  been  seen  to  exude  from  the  aper- 
ture near  its  apex.  On  inserting  a  bristle  into  this  apertare  it 
reappeared  at  another  opening  near  the  base  of  the  spine,  and 
within  the  sac  or  reservoir  already  described.  A  tube  leading 
from  this  reservoir  was  also  detec^ted,  having  a  free  end  lying 
within  the  sac,  and  evidently  being^e  caniu  by  which  the  fluid 
was  conveyed  to  this  receptacle.  There  seems  no  doubt  that 
thia  canal  goes  directly  into  a  branch  of  the  mucous  ^stem  of 
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tHe  fish^  and  that  it  is  by  the  mucous  glands  that  the  fluid  is 
secreted.*  The  dorsal  spines  were  found  to  be  furnished  with 
precisely  similar  contrivances. 

Nobody,  says  Dr.  Gunther,  will  imagine  for  a  moment  that 
this  complicated  apparatus  can  be  intended  for  a  harmless 
purpose,  or  to  emit  an  innocuous  fluid  into  a  wound. 

This  example  of  a  special  poison-organ  in  fishes,  although  an 
isolated  one,  is,  nevertheless,  of  the  highest  importance,  as  the 
mudferous  system  supplying  these  glands  is  common  to  the 
whole  class  of  fishes,  and  though  not  quite  clearly  demonstrated 
by  a  good  anatomical  examination,  yet  there  are  doubtless  many 
others  which  will  have  to  be  added  to  the  number]  and  just  as 
in  the  class  of  Ophidia,  we  have  some  snakes  with  poisonous 
saliva  and  some  quite  innocuous,  so  we  shall  also  find  it  to  be 
with  the  mucous  secretion  of  fishes. 

It  must  also  be  borne  in  mind  that  these  fish-spiues  are 
merely  weapons  of  defence ;  all  the  Batracboids  with  obtuse 
teeth  upon  the  palate  and  lower  jaw,  feeding  upon  mollusca 
and  Crustacea. 

Explanation  ov  Figubv  of  Thalassophbtke  beticvlata 
fBOX  THi  Paoitic  Goast  ov  Panama,  1-4th  Natural  Size. — 
a  a,  The  opercular  spines  seen  projecting  firom  the  sides  of  the 
fish,  just  above  the  ffill  openmgs.  h  &,  The  dorsal  spines. 
6  c.  The  mucous  canius,  which  traverse  the  entire  length  of 
the  fish  on  each  side.  A.  The  opercular  spine  seen  separatelv 
(natural  size).  The  openings  to  and  from  the  canal  by  which 
the  poison  is  introduced  into  wounds  are  indicated  by  arrows. 
P.  The  same  spine  with  the  poison-sac  or  reservoir  attached, 
showing  [d)  the  small  orifice  by  which  the  poison  is  conveyed 
to  the  sac  from  the  muciferous  system,  with  its  free  end  lying 
within  the  sac. 

•  The  two  ipeeimeiw  of  Tkdlauophr$fne,  being  diatinot  ipeoieei  and  at  present 
the  only  exutin^  ^JV^  ^▼o  i^ot  heen  injected  or  dineoted  further  to  de- 
mon<trate  thia  point,  but  more  speoiment  from  Panama  are  shortly  expected,  and 
when  these  amyOi  injeoUons  of  the  glands  irill  be  properly  made. 
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MOSSES  TO  BE  POUND  IN  M^Y.— CORD-MOSSES 

AND  APPLE-MOSSES. 

BT  H.   G.   CAMPBELL. 

The  common  cord-moss  {Funaria  hygromeirica),  which  crowns 
our  walls  and  banks  almost  everywhere^  feels  the  genial  power 
of  May^  and  hastens  to  ripen  and  pour  out  the  little  seeds  that 
have  been  hitherto  so  snugly  encased  in  its  pear-shaped  capsule, 
and  whose  mouth,  obliquely  placed,  and  turning  towards  the 
earth,  seems  convenienfcly  ready  for  their  exit  as  soon  as  the 
little  trencher-like  lid  has  fallen  off,  and  the  large  dehiscing 
annulus  has  unrolled,  which  latter  act  takes  place  immediately 
on  the  fall  of  the  lid. 

It  is  true  that  every  month  in  the  year  weaves  its  own  moss- 
wreath,  brings  its  own  favourites  to  perfection,  and  that,  there- 
fore, many  a  change,  many  an  operation  of  marvel  and  of  beauty, 
is  continually  going  on  around  us,  and  as  continually  lost  to 
the  casual  observer.  But  we  invite  our  readers  to  a  microscopic 
examination  of  the  genus  Funaria,  and  especially  FwnaHa  hygro- 
metrica,  which  is  so  easily  procurable,  as  excellent  examples  of 
the  structure  and  arrangement  of  the  inflorescence  and  fructifica- 
tion of  mosses  in  general.  The  Funariae  are  named  from  funis, 
a  rope,  cable,  or  cord,  in  allusion  to  the  twisting  of  the  seta  in 
this  genus,  giving  the  appearance  of  a  twisted  cord. 

They  are  acrocarpous,  sub-biennial  and  loosely  casspitose 
mosses,  with  a  stem  at  first  simple,  and  crowned  by  a  barren 
discoid  flower;  subsequently  they  become  branched,  and  ter- 
minate in  fertile  flowers,  each  producing  a  soUtaiy  capsule, 
obliquely  pyriform,  sub-ventricose,  and  of  thick  texture,  with  a 
mouth  always  more  or  less  oblique,  and  often  small,  surrounded 
by  a  double  peristome  of  sixteen  divisions  each ;  the  outer  con- 
sisting of  sixteen  oblique,  lanceolate-tapering  teeth,  having 
numerous  prominent  trabeculao  on  the  inner  side,  and  all  con- 
nected at  their  apices  by  a  small,  reticulated,  and  circular  disc. 
These  teeth  are  also  longitudinally  marked  with  fine  striae,  and 
have  the  property  of  being  remarkably  hygrometric,  spreading 
outwards  in  drying  after  the  rupture  of  the  connecting  mem- 
brane. 

The  inner  peristome  is,  at  its  base,  somewhat  coherent  to 
the  outer.  It  is  also  divided  into  sixteen  processes,  placed 
opposite  to  the  outer  teeth,  of  a  lanceolate  form,  and  each 
marked  with  a  medial  or  vertical  line.  The  lid  is  conical  or 
obtusely  convex ;  the  annulus,  when  present,  large,  and  un- 
rolling spirally^  but  in  some  species  it  is  entirely  absent.  The 
leaves  are  of  thin  texture,  consisting  of  large  succulent,  oblong- 
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hexagonal  cells^  or  cellales^  and  even  the  nerve  itself  is  loosely 
cellular^  and  it  ceases  at  or  near  the  apex. 

In  Funaria  Kygrometrica,  or  the  common  cord-moss^  the  peri- 
chsetial  leaves  are  connivent^  ovate-lanceolate  in  form^  concave^ 
entire^  nerved  to  the  apex^  and  clustered  together  so  as  to  form 
a  sort  of  bud ;  the  lower  leaves  are  smaller^  scattered^  and  more 
or  less  spreading^  while  those  of  the  perigonium^  or  barren- 
flower^  are  denticulated  both  at  the  apex  and  at  the  base ;  they 
are  of  a  sub-spathulate  form^  and  have  the  basal  margin  re- 
curved. The  capsule  is  pyriform-incurved,  strongly  furrowed 
when  diy,  and  having  a  very  oblique  mouth,  which  is  surrounded 
by  a  beautifiilly  corrugated  border,  not  observable  in  any  other 
species,  and  varying  from  deep  yeUow  to  orange  or  reddish  as 
it  ripens.  The  lid  is  plano-convex,  with  a  red  tumid  or  slightly 
frilled  border,  distinctly  grooved  for  the  lodgment  of  the  large 
dehiscent  annulus  which  unrolls  spirally  immediately  after  the 
lid  falls  away;  thus,  almost  simultaneously,  are  removed  two 
barriers  to  the  exit  of  the  spores,  which  are  small,  and  of  a 
reddish-broWn  colour.  The  seta,  or  fruit-stalk,  is  arcuate  and 
flexuose,  the  upper  part  twisting  to  the  right  when  dry,  the 
lower  in  an  opposite  direction.  In  length  it  varies  very  con- 
siderably, fr*om  half  an  inch  on  the  tops  of  exposed  walls,  to  two 
and  even  three  inches  in  more  warm  and  sheltered  situations. 
We  have  grown  it  under  a  glass,  and  found  the  seta  attain  to 
rather  more  than  three  inches  in  length.  The  outer  peristome 
is  reddish,  the  inner  yellow. 

There  are  three  varieties  of  this  moss.  The  variety  patula 
has  a  more  slender  stem,  branched,  with  spreading  and  some- 
what undulated  terminal  leaves,  which  become  twisted  when 
dry.  Variety  calvesceTis,  with  the  same  kind  of  stem  and 
leaves,  but  with  a  straight  elongated  fruit-stalk,  and  a  more 
slender  sub-erect  capsule.  We  have  seen  some  specimens 
brought  from  Switzerland  which  had  grown  to  a  very  large  size. 

If,  as  we  have  already  said,  Funaria  hygrometrica,  so  easily 
procurable,  and  so  easily  recognizable,  be  carefully  examined 
for  some  months  prior  to  the  ripening  of  its  capsules,  it  will 
give  no  very  imperfect  idea  of  the  economy  of  tins  department 
of  the  vegetable  world. 

Previous  to  the  appearance  of  the  young  seta  at  the  tops  of 
the  infant  shoots  or  stems  will  be  seen  small  stellate  flowers  of 
a  reddish  hue.  These  are  the  barren  flowers,  answering  to  the 
stamens  of  what  are  called  phaanogamous,  or  flowering  plants, 
and  on  dissection  in  water  they  vnll  be  seen  to  consist  of  a  little 
cluster  of  vesicles  of  an  oblong  bladder-like  form,  mingled  with 
jointed  pellucid  filaments,  thenrst  named  antheridia,  the  second 
paraphyses,  and  these  are  surrounded  by  several  rows  of  spread- 
ing leaves  constituting  the  perigonium.    The  a/ntheridia  are 
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a£  first  filled  with  a  aemoi-gelatmona  loosely  cellular  tdsgne,  each 
cellule  containiiig  a  spenuatozoid,  whicli  consiBte  of  a  spiral 
fibre,  having  attached  to  it  a  very  small  oval  or  ronndish  cor- 
poficle,  whidi  is  usually  found  near  the  middle  of  the  spire.  On 
the  escape  of  the  contents  of  these  antheridia  when  matnrej 
more  or  leea  of  an  esplosive  action  takes  place,  and  very  soon 
after  being  launched  into  the  water  the  spermatosoids  begin  to 
fidget,  then  to  gyrate  rapidly  within  the  cells,  and  eventaally 
bursting  the  walls  of  their  ceUules,  they  escape  from  confine- 
mentj  and  may  be  seen  for  several  hoars  moving  about  in 
various  directions  in  the  water,  as  if  wild  with  new-boni  joy  at 
their  escape  firom  imprisonment. 

Thus  far  we  have  treated  of  the  bazren  fiower  only,  hut  the 
genns  being  monoicons,  the  fertile  fiower  may  easily  be  found 
by  dissection  at  the  apex  of  a  young  shoot  at  precisely  the  same 
season,  and  on  the  same  individual  plant.  ^Hiis  fiower  is  com- 
posed of  slender  flask-shaped  bodies,  called  orc^fmia,  which 
are  mixed  with  jointed  fil^ents  named  pofaphyma,  and  both 
surrounded  by  a  little  cluster  of  leaves,  whit^  stand  erect,  and 
which  at  length  become  the  pwrkhjEtiwn. 

In  length  the  archegonia  somewhat  exceed  the  aathendia, 
bnt  they  are  moch  more  slender,  indeed  filiform,  except  towards 
the  base,  where  they  appear  sli^tly  tumid,  and  at  the  apex, 
which  is  somewhat  expanded,  the  filiform  connection  between 
the  apex  and  the  h^e  being  a  canal  in  which  is  lodged  a 
roundish  vesicle,  the  nuclens  or  germ  of  the  fiitare  capsule  and  its 
fruit-stalk ;  and  the  perfect  archcgonium  soon  becomes  enlai^d 
and  swells  out  by  the  increase  in  bnlk 
^^  of  the  vesicle  within  itj  which  at  length 

I  rends  it  asunder  by  a  horizontal  fissure 

near  its  base.  The  upper  part  is  then 
converted  into  the  catyptra,  and  the 
lower  becomes  the  vagmula,  while  the 
rudimentary  vesicle  itself  is  metamor- 
phosed into  a  fruit-stalk,  its  tapering 
base  inserted  firmly  into  the  vaginnla, 
and  having  its  apex  sheathed  by  the 
embryo  c^yptra.  This  stalk  or  seta 
goes  on  increasing  in  length  nntil  it  has 
attained  its  fnll  height,  until  whi<^  time 
the  apex  remains,  as  it  were,  stationary, 

fbut  then  it  swdls  ont,  and  developes 
into  the  capsule.  This  capsule  consists 
of  a  central  pillar,  or  column,  called  the 
columella,  smronnded  by  a  membranons 
pouch  or  bag,  called  the  tpondar  aac  or 
membrane,  within  which  the  spores,  analogous  to  we  particles  of 
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pollen  in  flowering  plants^  are  safely  lodged  in  rings  of  mother 
eells^  till  the  period  when  they  are  ready  to  take  an  independent 
position  in  the  field  of  nature.  The  layer  of  spondes  being 
sarronnded  by  the  sporal  membrane^  which  consists  also  of  two 
rijigs  of  ceUs^  the  outer  one  containing  green  granules^  the  inner 
pellucid ;  and  these  are  i^ain  surrounded  by  the  thecal  mem- 
brane^ consisting  also  of  two  rings  of  cells,  the  inner  tinged  with 
green  granules,  the  outer  pellucid;  the  size  of  the  space 
between  these  two  membranes  differing  not  only  in  different 
species  of  mosses,  but  also  in  the  same  species  at  different 
periods  of  growth,  being  in  contact  in  some,  as  in  Orthotrichum 
diaphammh,  and  in  others,  ''  of  which  F.  hygrometrica  and  Bar- 
trwnda  pcmiforvnis  Skre"  says  Mr.  Valentine,  "  the  most  marked 
examples;  they  are  widely  distant,  this  distance,  however,  con- 
stantly dimioidiing  by  the  growth  of  the  columella  and  the 
gradual  development  of  the  sporules  ;''*  and  over  all  is  the  theca 
or  outer  wall,  whose  cellules  are  shghtly  tinged  with  brown. 

At  this  early  stage  the  mouth  of  the  capsule  is  closed  up  by 
the  hd  or  operculwn,  and  an  intermediate  coloured  ring,  the 
cnnuhiSy  formed  of  large  oellnlar  tissue,  which,  affected  by 
surrounding  moisture,  causes  the  Ud  to  fall  off,  and  disclose  the 
beautiful  peristome,  whose  hygrometric  action  regulates  the 
escape  of  flie  ripened  spores.  The  outer  row  of  teeth  in  this 
double  peristome  is  a  fringy  continuation  of  the  thecal  mem- 
brane; the  inner,  a  like  continuation  of  the  sporal  membrane. 

Anived  at  this  stage  of  maturity,  the  short  branch  which 
bore  the  fertile  flower  has  become  much  elongated,  overtopping 
and  concealing  the  barren  flower,  which  will  now  appear  to  be 
at  the  base  of  the  stem ;  and  amid  the  cells  of  the  theca,  to- 
wards the  base  of  the  ripe  capsule,  may  be  discovered,  by  a  good 
glass,  those  little  stomata  or  pores,  considered  by  Mr.  Valentine 
as  the  necessaiy  apparatus  for  the  admission  of  air,  in  order  to 
give  greater  finnness  to  the  coats  of  the  spores,  and  the  better 
prepare  them  for  germination.  In  the  young  state  these 
stomatas  are  very  small,  and  much  less  numerous  than  when 
the  theca  has  arrived  at  maturity ;  and  in  Fimaria  hygrometrica 
we  have  one  of  the  two  exceptions  mentioned  by  Mr.  Valentine 
in  the  Tram^a^tions  of  the  lAnneojn  Society,  vol.  xviii.  page  240, 
in  the  form  of  the  stomata  of  mosses,  as  observed  by  him.  He 
says : — ''  Of  103  British  species  of  mosses  which  I  have  examined, 
78  are  ftimished  with  stomata,  their  usual  shape  similar  to  the 
most  common  form  in  phaBnogamous  plants,'' to  which  he  adduces 
only  two  exceptions,  Fiinaria  hygrometrica  being  one,  each  of 
whose  stomata  consisting  of  a  single  cell  in  the  form  of  a  hollow 
ring,  with  the  sides  "  so  compressed  as  to  convert  the  aperture 
into  a  mere  slit.'' 

*  Liimean  Trans,,  vol  xviiL  page  241. 
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We  are.  not  aware  whether  Mr.  Valentine  has  fulfilled  his 
hopes  of  turning  these  stomata  of  mosses  to  account  in  the 
arrangement  of  genera;  and  for  ourselves  we  incline  to  prefer 
more  obvious  characteristics  as  the  foundation  of  generic  dis- 
tinctions; because^  though  every  trace  of  nature's  workings 
must  be  teeming  with  interest  and  pleasure  to  the  initiated^  we 
would  lay  on  no  additional  bolts  and  bars  to  impede  the 
entrance  of  the  uninitiated  into  this  temple  of  wonders. 

But  we  have  dwelt  long  enough  on  Funaria  hygrometrica  ; 
before,  however,  turning  to  the  other  two  members  of  this 
genus  which  we  will  briefly  describe,  we  would  just  remark 
that  F.  hygrometrica  has  received  from  the  French  the  name 
of  La  Charbonniire,  from  its  frequent  occurrence  on  those  parts 
of  woods,  heaths,  and  moors  which  have  been  charred  by  fire, 
or  where  anything  has  been  burnt ;  it  ought  therefore  to  be  a 
constant  follower  in  the  wake  of  the  gipsy's  camp. 

In  the  two  remaining  Funarias  the  fruit-stalk  is  straight,  i.^.^ 
not  arcuate,  and  the  capsules  destitute  of  an  annolus. 

In  FvruMia  Sibemica,  or  the  Irish  cord^moss,  the  fruit-stalk 
throughoiit  its  length  twists  to  the  left  when  dry,  and  the 
capsule  is  shortly  pyriform,  with  a  convex  and  papillate  Ud ; 
the    leaves    are    ovate-oblong,   spreading,    sharply    serrated, 
and  gradually  tapering  to  an  acuminated  point.     It  was  origi- 
nally found  by  Mr.  J.  Drummond  on  a  chalky  soil,   near 
Cork,   and  has   since    been    met  with    by  Mr.  Wilson,   as 
mentioned  by  him  in  his  Bryologia  Britannica,  on  a  limestone 
soil,   near  Matlock  in  Derbyshire,   and  also    near.  Conway, 
North  Wales.     But,  as  he  remarks,  it  is   often   confounded 
with  Fwnaria  Muhlenbergii,  which  strongly  resembles  it,  but 
is  somewhat  less  of  stature,  and  which  grows  in  similar  situa- 
tions, namely  on  calcareous  banks,  walls,  etc.,  forming  lax 
patches,  with  stems  from  one  to  three  lines  only  in  length, 
very  simple,  leafless  in  the  lower  part,  and  rooting  only  at  the 
base.     The  lower  leaves  are  somewhat  spreading  or  reflexed, 
the  upper  ones  more  erect,  larger  than  the  lower,  concave, 
widely  ovate,  and  suddenly  acuminated,  not  gradually  as  in 
JP.  Hibemica,  and  instead  of  being  acutely  serrated,  the  serra- 
tures  are  blunt;    the  capsule  is  still  more  shortly  pyriform, 
smooth,  sub-erect,  somewhat  constricted  below  the  mouth  when 
dry,  and  of  a  yellowish  or  reddish-brown  colour.     The  finiit- 
stalk  is  about  half  an  inch  in  length,  and,  as  in  J^.  hygrometrica, 
the  upper  part  twists  to  the  right  when  dry,  and  the  lower 
part  in  the  opposite  direction ;  the  hd  too  is  frimished  with  a 
reddish  border,  and  the  outer  peristome  is  of  a  bright  red  tint* 
The  calyptra  is  yellowish,  the  spores  are  granular  on  the 
surface,  and  twice  as  large  as  those  of  J^.  hygrometrica. 

All  three  are  found  in  fruit  in  May,  and  F.  Muhlenbergii 
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takes  its  name  from  Dr.  Muhlenberg^  its  first  discoverer^  who 
met  with  it  in  Pennsylvania.  There  are  three  varieties  of  this 
moss^  having  slight  differences  in  the  leaves. 

Of  the  BartramiesB^  or  apple-mosses^  Bartra/mia  pondformis, 
or  the  common  apple-moss^  ah*eady  alluded  to^  and  Ba/rtramia 
Oederiy  Oeder's  apple-moss^  both  fruit  in  this  month. 

The  genenc  appellation  of  this  genus  was  given  in  honour 
of  Mr.  Bartram^  an  American  traveller  and  botanist ;  and  its 
English  name  is  descriptive  of  its  sub-spherical  capsule^  which 
greatly  resembles  a  miniature  apple^  fresh  when  moist^  and 
when  dry,  furrowed,  like  a  withered  winter  fruit. 

The  apple-mosses  grow  upon  rocks  or  upon  the  ground,  in 
perennial  turfy  patches,  bearing  terminal  fructification.  Some- 
times, but  rarely,  tibiey  are  found,  on  the  bark  of  trees.  They 
differ  in  their  inflorescence,  which  may  be  synoicous,  monoi- 
cous,  or  dioicous,  and  in  their  peristome,  which  is  sometimes 
single,  sometimes  double,  and  sometimes  entirely  wanting; 
but  the  form  of  the  capsule  is  so  marked,  that  they  can  hardly 
be  mistaken  for  any  other.  The  rapture  which  we  felt,  now 
many  years  ago,  on  first  meeting  with  some  specimens  of  this 
exquisite  genus  will,  we  are  sure,  be  a  life-long  joy. 

B.  pomiformisj  or  the  common  apple-mosSj  may  be  found  on 
dry  shady  banks  in  a  sandy  soil,  and  one  variety,  with  longer 
and  crisped  leaves  and  long  slender  branches,  inhabits  the 
fissures  of  sub-alpine  rocks. 

With  densely  tufted  stems  of  a  glaucous  green,  dichoto- 
mously  branched,  and  varying  in  length  from  half  an  inch  to 
two  inches,  BaHrwnda  pomiformis  has  crowded  leaves,  more  or 
less  spreading,  linear-lanceolate,  narrow  and  tapering,  the 
border  tumid,  with  a  double  row  of  spinulose  serratures ;  the 
nerve  sub-excurrent,  and  in  the  dry  state  the  leaves  are  some- 
what crisped  or  tortuous.  The  barren  and  fertile  flowers  are 
contiguous ;  the  fruit-stalk  from  half  an  inch  to  an  inch  long, 
bearing  the  sub-globular  cemuous  or  inclined  capsule,  of  a 
reddish-brown  colour,  and,  as  in  all  the  genus,  furrowed  when 
dry ;  the  lid  is  smaU  and  sub-conical ;  the  peristome  double,  the 
inner  shorter  than  the  outer  teeth,  and  sometimes  having  ciUa, 
sometimes  without. 

Bwrtramia  Oederi,  Oeder^s  apph-m^oss,  is  also  found  on  shady 
rocks,  but  chiefly  on  such  as  are  calcareous  and  in  a  moist 
situation.  It  grows  in  soft,  lax,  extensive  patches,  of  a  dark 
green  colour ;  its  slender  stems  being  beset  with  radicles,  and 
reaching  a  length  of  from  one  to  three  inches ;  its  leaves  re- 
curved, and  spreading  every  way,  shorter  than  in  other  British 
species,  and  not  sheathing  nor  suddenly  dilated  at  the  base, 
lanceolote  and  sharply  keeled,  the  margin  recurved  and  serrated 
at  the  apex,  and  the  nerve  sub-excurrent.  In  the  dry  state  the 
leaves  are  crisped. 
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The  capsule  ia  small  and  obliqtie,  witH  a  rather  large  moniih 
in  proportion  to  the  size  of  the  fruity  the  lid  plano-conrex^  and 
the  fruit-stalk  short,  scarcely  half  an  inch  in  length. 

Both  these  fruit  in  May. 

Ba/rtramia  ithyphyUa^*  or  the  strcdghi'leaved  apple-moss, 
grows  on  alpine  and  sub-alpine  rocks,  is  common  on  the  rocks 
above  Greenock  and  on  various  mountains,  both  in  Scotland  and 
Wales ;  it  has  also  been  found  near  Todmorden,  in  Lancashire. 

With  rigid  leaves  of  a  bright  yellowish  green,  subulato* 
setaceous,  more  or  less  spreading  from  a  pale  sheathing  dilated 
base,  ^^by  which  character,  and  the  broad  predominant  nerve,'^ 
Wilson  says,  '^  this  species  is  easily  distinguished  &om  every 
other  British  species/'  The  firuit-stalk  is  about  an  inch  in 
length,  and  the  leaves  are  straight  when  diy;  henoe  its  dis* 
tinctive  appellation. 

Bartramia  rigida,  or  the  rigid  apple-mosa,  is  a  dwarfish 
species,  with  very  short  slender  and  fragile  stems,  from  two 
lines  to  half  an  inch  in  height,  downy,  of  a  red  colour,  and 
having  dark  reddish  radicles.  From  the  branches  beings  fas- 
cicnlate,  and  slightly  recurved  with  crowded  leaves,  it  grows  in 
compact  tufts.  It  is  found  on  shady  banks  in  mountainous 
situations  in  Ireland.  The  leaves  are  lanceolate,  tapering 
upwards  to  a  narrow  point,  erecto-patent,  strai^t,  and  rather 
rigid,  the  margin  reflexed  and  serrated,  rough  on  the  back,  with 
small  roundish  prominences  or  glands,  which  also  cover  the 
strong  excurrent  nerve.  The  areolas  of  the  leaf  have  an 
oblong-quadrate  form.  The  fruit-stalk  is  about  three-quarters 
of  an  inch  in  length,  of  reddish  hue,  and  bearing  the  com- 
paratively large  sub-spheiical  capsule,  which  is  at  first  oblique, 
but  subsequently  cemuous,  of  a  reddish  brown,  and  strongly 
furrowed  when  dry.  A  double  peristome  surrounds  the  mouth, 
the  outer  teeth  of  a  reddish  brown,  and  rather  short,  the  inner 
still  shorter  and  sometimes  deficient  or  rudimentary.  The  lid 
is  convex  and  apiculate ;  the  spores  are  reddish,  partaking  of 
the  general  hue  of  the  plant,  and  the  inflorescence  is  monoicous; 
the  barren  and  fertile  flowers  approximating;  and  the  fruit 
ripens  in  September  and  October. 

BaHramia  fontana,  or  the  fountain  apple^mossy  grows  in 
wet  pkbces,  especially  near  springs,  as  the  name  implies,  and 
is  found  chiefly  in  mountainous  countries.  It  has  elongated 
stems,  from  one  to  six  inches  long,  or  even  more,  downy,  with 
bkbckish  or  reddish  radicles,  and  matted  together  in  dense, 
extensive,  yellowish  or  glaucous-green  patches,  the  branches 
variously  ramified,  slender  or  robust,  sometimes  fasciculate  and 
erect,  sometimes  disposed  in  a  stellate  manner;  the  leaves 
dimorphous,  either  ovate-acuminate,  short  and  appressed  to 
*  From  i0^ff,  placed  npBig^  ereot,  or  straight^  and  ^AXib»  foliage. 
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tlie  stem^  or  longer,  and  lanceolate,  spreading,  or  secnnd,  ob- 
scuiely  pHcate  at  ihe  base,  blnntly  toothed  or  serrated,  and 
haying  i^e  margm  recurved  below,  4ith  a  Bub-excorrent  nerve, 
which  sometimes  ceases  below  the  apex.  The  leaves  are  also 
papillose  at  the  back,  and  those  of  the  principal  stem  are 
broader  than  those  on  the  branches.  The  capsnle  is  of  thick 
texture,  and  large  size,  of  a  reddish-brown  colour,  curved,  and 
longitudinally  furrowed  when  dry ;  the  teeth  of  the  outer  peri- 
stome are  closely  barred,  and  the  inner  furnished  with  cilia, 
bundled  two  or  three  together.  The  fruit-stalk  is  long  and  of 
considerable  tenacity.  The  spores  are  rather  large  and  red- 
dish ;  the  inflorescence  dioicous,  the  inner  leaves  of  the  peri- 
ffonium  obtuse  and  horizontally  spreading  from  a  broad  concave 
f  ase,  the  nerve  so  ver,  firint  a/ Jbe  ville  only  with  difficulty 
and  always  ceasing  below  the  apex. 

There  are  several  varieties :  variety  aJpina  has  short  robust 
stems,  with  densely  leafy  branches,  of  an  ovate-lanceolate  form, 
mncrc^nate,  and  haViiig  diorter  frait-stalks.  Variety /a^co^a  hai 
yellowish  falcato-secund  leaves,  with  a  thick  reddish  nerve,  and 
having  the  branches  curved  at  the  apex.  Yanetj  pumila  has 
very  slender  short  stems,  with  sm^  narrow  leaves,  and  a 
small  capsule. 

The  inflorescence  is  dioicous  and  it  fruits  in  June. 
Baartrcmda  caicaria,  the  thick^nerved  apple-moss,  has  also  a 
dioicous  inflorescence,  and  grows,  too,  in  wet  places,  but  seems 
confined  to  limestone  districts,  and  has  longer  and  more  rigid 
leaves  than  B.  fimtcma;  they  are  also  less  papillose,  have  a 
stronger  nerve,  larger  areolas,  and  the  margin  is  not  recurved : 
the  perigonial  leaves  also  differ  considerably,  being  tapering  to 
a  very  acute  point,  and  nerved  to  the  apex,  while  the  teeth  of 
the  peristome,  instead  of  being  closely,  are  but  remotely, 
barred.  It  has  been  found  in  the  Highlands  of  Scotland,  near 
Todmorden,  in  Lancashire,  and  at  Hale  Moss,  in  Cheshire. 
Its  fronting  season  is  July,  and  it  grows  in  dense  patches  of  a 
more  intense  green  colour  than  B.  fontcma. 

In  BcMrtramia  Halleriana,  Haller^s  apple^moss,  the  inflores- 
cence is  monoicous,  the  stems  are  somewhat  elongated,  fi^m 
one  to  three  inches  in  height,  with  irregular,  but  fastigiate 
branches,  i.a.,  the  branches,  wherever  they  begin,  all  reach  an 
equal  height.  It  forms  soft,  lax  tufts,  of  a  bright  yellowish 
green  colour,  but  as  the  stem  descends  it  becomes  covered 
with  radicles  of  a  rich  brown  tint.  The  long  slender  leaves 
are  linear-subulate,  and  seem  to  spread  in  every  direction  from 
an  erect  dilated,  sHghtly  sheathing  base,  which  is  pale,  and 
somewhat  shining — ^sometimes  however  they  are  sub-secund ; 
they  are  roughish  on  both  sides,  serrulate  at  the  margin,  and 
are  tortuous  or  crisped  when  dry.   The  fruit-stalk  is  very  i^ort. 
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not  as  long  as  the  leaves^  only  about  two  lines  in  lengthy  curved, 
and  seeming  to  be  lateral,  in  consequence  of  the  growth  of 
innovations,  which  are  usually  solitary;  but  the  flowers,  when 
examined  at  an  early  stage,  are  always  found  to  be  truly 
terminal.  The  moss  is  an  inhabitant  of  alpine  and  sub-alpine 
rocks^  and  fruits  in  June  and  July,  sometimes  bearing  two  or 
three  capsules  together. 

BaHramia  arcuata,  or  the  curve-stdlked  apples-moss, 
strikes  us,  at  £rst  sight,  as  an  exaggeration  of  B.  HaJleriana, 
with  red  fruit-stalks,  which,  though  longer,  are  still  short  and 
arcuate,  being  only  about  twice  or  thrice  the  length  of  the 
capsule,  which  hangs  sub-pendulous  upon  it,  and,  as  in  JEToZZm- 
ana,  have  the  appearance  of  being  lateral  from  the  same  cause, 
namely,  the  growth  of  innovations.  It,  too,  grows  in  extensive 
yellowish-green  patches,  but  the  stems  reach  &om  two  to  four 
inches  in  height,  densely  covered  with  reddish-brown  radicles, 
and  the  leaves,  which  are  plicated,  are  of  an  ovate-lanceolate 
form,  shining,  sheathing  and  erect  at  the  base,  thence  widely 
spreading,  with  a  nearly  plain  serrulate  margin,  and  an  excur- 
rent  or  sub-excurrent  nerve.  It  grows  on  moist  heaths  and 
on  the  rocky  banks  of  streams  in  hilly  places,  forming  dense 
masses;  and  though  its  rich  golden  globular  capsules  are 
rarely  met  with,  its  bright  yellow-green  foliage  contrasts 
agreeably  with  the  downy  fuscous  radicles  that  so  thickly 
clothe  the  lower  part  of  the  stem,  and  this  contrast  renders  it 
a  most  attractive  object  even  in  the  barren  state.  Its  fruiting 
season  is  September  and  October,  two  or  three  months  later 
than  B.  Halte^iana,  and  it  may  be  met  with  on  the  Sidlaw 
Hills,  above  the  vfllage  of  Auchterhouse,  in  fruit;  it  is  also 
said  to  be  abundant  at  Lodore  Waterfall,  near  Keswick,  and  in 
fructification  at  Lidford  Fall  in  Devonshire,  and  at  Cromaglonn, 
near  Killamey,  Ireland;  also  sparingly  in  fruit  near  Llyn 
Ogwen  in  Camarvdnshire. 

Another  species,  Bartramia  ccespitosa,  hitherto  considered 
Swedish,  has  lately  been  found  by  Mr.  Wilson,  in  a  new  marsh 
near  Warrington ;  but  not  having  seen  a  specimen,  we  are 
unable  to  describe  it. 

Ba/rtramidula  Wilsoniiy  or  the  beardless  dwarf  apph-^moss, 
is  a  most  beautiful  little  plant,  somewhat  resembling  Bartramia 
fontana  in  miniature,  but  its  exquisite  little  pink  capsules  are 
sub-pendulous  or  quite  pendulous,  and  hang  on  reddish  arcuate 
fruit-stalks,  often  three  or  four  together,  and  resembling  full 
short  pears  rather  than  apples  in  outline,  are  smooth,  sinning 
when  dry,  with  thin,  somewhat  pellucid  walls,  which  are  of  Boit 
texture,  slightly  rugose  in  the  dry  state,  but  not  striated,  and 
having  a  small  mouth  destitute  of  peristome,  and  closed  with  a 
small  sub-conical  lid,  which  is  again  surmounted  by  a  small. 
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oaculate^  but  yery  fugacious  calyptra.  The  yaginula  is  oblongs 
and  the  spores  are  reddish,  granular  on  the  surface,  and,  not- 
withstan^g  the  diminutive  stature  of  the  moss,  its  stems 
scarcely  reaching  half  an  inch  in  height,  they  are  even  some- 
what larger  than  the  spores  oi  BaHrwmia  fcmtana.  The  branches 
are  fascicled,  two,  three,  or  more  together,  and  sub-erect ;  the 
leaves  ovate-acuminate,  or  lanceolate-acuminate,  slightly  secund 
and  sub-erect,  the  nerve  reaching  nearly  to  the  apex,  or  some- 
times excurrent ;  they  are  finely  serrated  in  the  upper  part,  and 
are  composed  of  rather  lax  oblong  cellules.  The  fruiting  season 
is  October,  and  it  has  been  found  growing  in  different  localities 
on  the  mountains  of  Scotland,  Wales,  and  Ireland ;  but  Mr. 
Wilson  says,  "It  has  not  yet  been  observed  in  any  other  coun- 
try, and  is  Imble  to  be  overlooked  on  account  of  its  diminutive 
size.'' 

Of  the  two  other  species  of  apple-moss,  OcUoscopivm  nigritum, 
or  the  lurid  apple-moss,  is  somewhat  aUied  in  habit  to  the  Bar- 
iramiay  but  Bridel  and  Wilson  make  a  separate  genus  for  it, 
named  /cdT(o  from  doum,  and,  aiconreto  to  looTc,  in  allusion  to  the 
appearance  of  the  capsule,  which  suddenly  bends  forward,  as  if 
looking  down  from  the  top  of  its  seta,  or  solitary  elongated 
pedestal.  It  is  small,  roundish,  smooth,  shining,  and  of  a  thick 
texture,  almost  homy,  with  a  rather  oblique  mouth,  destitute  of 
an  annulus,  and  having  a  small  conical  lid,  which  covers  a  single 
peristome  of  sixteen  short,  lanceolate,  or  truncate  teeth,  trans- 
versely barred,  irregular,  and  marked  with  a  medial  line,  which 
leads  one  to  suspect  that,  as  in  some  other  mosses,  it  may  be 
the  junction  of  two  teeth  cemented,  as  it  were,  into  one )  some- 
times, also,  obscure  traces  of  an  inner  peristome  may  be  dis- 
covered. The  spores  are  comparatively  large  and  smooth ;  the 
calyptra  small,  shaped  like  a  Uttle  hood,  smooth,  and  usually 
fugacious,  though  occasionally  found  remaining  on,  or  rather 
adhering  to  the  fruit-stalk  beneath  the  capsule,  which,  when 
mature,  is  black,  hence  its  specific  name. 

The  inflorescence  is  dioicous,  with  terminal  flowers;  the 
leaves  lanceolate^  carinate,  nerved,  somewhat  recurved,  and 
spreading ;  the  areolae  small,  quadrate,  and  opaque,  and  though 
the  species  is  rare,  being  found  only  in  a  few  places,  it  is  peren- 
nial in  its  native  habitats,  which  are  moist  alpine  rocks,  or  sub- 
alpine  marshy  places.  It  is  plentiful  on  Ben-y-gloe,  near  Blair, 
in  Athol,  and  we  have  seen  specimens  brought  from  the  sands 
of  Barrie,  on  the  coast  of  Forfarshire — a  circumstance  which 
goes  to  prove  what  has  been  often  asserted,  namely,  that  the 
climate  of  the  lofty  mountain  and  that  of  the  seashore  are  very 
closely  allied,  and  the  sight  of  this  little  tenant  of  the  mountain 
wild,  and  of  the  lowly  beach,  ever  brings  with  it  associations 
both  pleasing  and  sublime.     It  grows  in  soft  green  tufts,  the 
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stems  yarying  in  height  firom  two  to  six  inches^  or  even  more^ 
slender,  almost  filiform,  flezaose,  and  beset  with  reddish  brown 
radicles  in  the  lower  part. 

The  only  remaining  example  is  the  naked  a/pple-moss,  Dis^ 
celium  nvdum,  to  which  also  a  separate  genus  is  given,  named 
from  &9,  twice  or  two,  and  c/crfKo^,  a  leg,  because  the  teeth  are 
split  into  two  divisions  &om  t«he  base  to  the  middle,  giving  the 
appearance  of  legs.  They  are  also  jointed.  DisceUtun  nudum 
is  the  only  known  species  of  this  sincrdar  &renns,  which  seems 
to  combine  in  itself  ^me  of  the  attribliteB  of  thi4e  oilierB ;  for 
example,  it  resembles  Catoscopvwm  in  its  capsule,  Phascum  in 
its  mode  of  growth,  and  Trematodm  in  its  peristome.  like 
the  Phascnms,  it  is  almost  stemless,  and,  like  them,  grows  from 
a  conferva-like  thallus,  which  in  Discelium  has  a  green  velvety 
appearance;  the  leaves  are  few  and  imbricated,  concave,  entire, 
ovate-lanceolate,  and  almost  destitute  of  nerve ;  the  areolas  lax, 
oblong-hexagonal,  and  diaphanous.  Their  number  is  about  sir 
or  eight,  and  they  seem  to  be  solely  or  chiefly  a  gemmiform 
envelope  for  the  inflorescence.  When  old  i^ey  are  of  a  pale 
reddish  hue,  and  the  green  velvety  thallus  withers  and  becomes 
discoloured  soon  after  the  formation  of  the  fruit ;  and  frequently 
by  the  action  of  the  frost  in  winter  it  decays  and  mixes  itself 
with  the  mould  "of  the  substratum,  even  before  the  ripening  of 
the  capsules,  which  does  not  occur  till  February  or  March. 
The  capsule  is  sub-globose,  as  we  have  already  said,  resembling 
Catoscopium,  but  is  reddish  in  colour,  and  more  or  less  cemu- 
ous ;  the  lid,  however,  is  large,  conical,  and  more  or  leas  acute ; 
the  annulus,  too,  which  is  sub-persistent,  is  large,  composed  of 
a  double  row  of  cellules ;  the  vaginula  oblong,  not  much  thicker 
than  the  frmt-stalk,  which  latter  is  about  an  inch  long,  reddish, 
and  flexuose;  the  calyptra  is  narrow,  smooth,  and  subulate, 
aud  spHtting  on  one  side  throughout  its  whole  length,  the 
fissure  ascending  spiraUy.  Like  that  of  Catoscopium,  it  is 
fugacious,  or  when  entire  at  the  base,  which  is  frequently  the 
case,  being  longer  than  the  fruit,  it  remains  attached  to  the 
fruit- stalk  beneath  the  capsule.  The  spores  are  of  moderate 
size,  punctulate  and  reddiah. 

The  favourite  habitats  of  the  species  are  the  clayey  declivi- 
ties of  the  North  of  England  and  Scotland.  It  was  first  dis- 
covered by  Mr.  George  Cayley  near  Manchester;  Mr.  Don 
also  found  it  by  the  side  of  the  river  Tay  near  Perth ;  and  it 
has  since  been  met  with  in  several  places,  eroedally  in  the 
neighbourhood  of  Manchester,  turning  thevidbuty  of  ^at  busy 
scene  of  Tnii.TiTift.1  labour  into  classic  ground  for  the  botanist  and 
the  lover  of  nature's  most  lovely  forms,  and  linking  it  with 
associations  and  recoUections,  apart  from  the  every-day  tur- 
moil  of  the  struggle  for  existence.  ^      ^ 
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BSPOKE  SQggBstiiig  inquiry  into  Hie  part  wMoh  molecular  mo- 
tions  perfona  in  the  growth  and  decay  of  UW  orgamsms, 
I  shall  endeaTOor  to  makethe  subject  more  generally  interesting 
by  a  few  preliminary  observations^  wbich  may  assist  those  to 
whom  it  is  entirely  new. 

In  order  to  Imow  what  molecular  movements  are^  a  small 
drop  of  water  should  be  placed  on  a  glass  slide^  just  touched 
with  a  fine  camel-hair  brush  whose  point  has  been  dipped  in 
gamboge^  then  covered  with  a  thin  glass^  and  viewed  with  a 
i  objective  and  second  eye-piece^  or  with  a  higher  power, 
if  one  is  at  hand.  The  scene  disclosed  to  the  eye  is  singularly 
striking  when  .first  observed,  and  may  be  frequently  seen 
without  losing  the  interest  it  originally  in^ires.  Thousands 
of  Uttle  round  particles  are  perceived  to  keep  up  an  active 
fidgetty  motion,  sometimes  approaching,  sometimes  receding, 
rolling,  quivering,  shaking,  and  comporting  themselves  not 
mdike  a  Bwarm  of  Uve  creatures  suddenly  ^htened  and  not 
at  all  clear  what  they  are  about.  If  the  water  does  not  evapo- 
rate, the  spectacle  may  be  watched  for  hours,  until,  at  length, 
it  usually  happens  thai<  the  particles  adhere  to  the  glass,  and 
quiet  is  restored. 

The  Prench  call  these  movements  ^^Brownian,''  after  their 
discoverer,  the  famous  English  botanist,  and  they  may  be  pro- 
duced with  any  material  not  soluble  in  water,  provided  the 
size  of  the  particles  is  proportioned  to  their  own  specific  gravity 
and  to  that  of  the  fiuid.  What  is  required  is,  that  the  particles 
shall  be  fireely  suspended  in  the  liquid,  and  be  of  minute  di- 
mensions. Substances  of  nearly  the  same  specific  gravity  as 
water  will  have  little  tendency  to  rise  or  fedl,  and  that  tendency 
is  easily  controlled,  for  a  time,  by  reducing  them  to  a  moderate 
degree  of  fineness.  The  particles  of  the  water  cohere  with  a 
certain  force,  so  that  a  greater  force  is  necessary  to  make  any 
substance  move  either  upwards  or  downwards  in  that  fiuid. 
It  is  more  easy  to  move  through  a  light  fiuid  than  a  dense  one. 
Fresh  water,  for  example,  opposes  less  resistance  than  salt. 
Every  bather  has  noticed  the  dUSerence  between  trying  to  touch 
the  bottom  in  a  Trver  and  in  the  sea,  while  Dead  Sea  water  is  so 
heavy  as  to  make  swimming  an  easy  task  for  an  animal  not 
specifically  heavier  than  a  man.  In  like  -manner  limpid  fluids 
oppose  less  resistance  than  sticky  ones  $  and  an  insect  that  can 
move  easity  thcongh  water,  is  sadly  impeded  when  immersed  in 
glue. 
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When  any  insoluble  body  is  pressed  under  water,  it  dis- 
places its  own  bulk  of  that  fluid.  If  it  is  lighter  than  that  bulk, 
it  is  forced  up,  and  floats.  If  heavier,  it  is  forced  down  by 
gravitation,  and  sinks.  But  although  the  specific  gravity  of  a 
substance  is  greater  than  that  of  water,  it  will  still  float,  pro- 
vided its  surface  is  extended,  so  that  the  resistance  of  the 
water,  arising  from  the  cohesion  of  its  particles,  is  made  equal, 
or  more  than  equal  to,  the  weight  of  the  substance,  or  force, 
with  which  it  gravitates.  Thus  a  film  of  gold  leaf  will  float, 
while  the  same  weight  of  gold  in  a  pellet  falls  &8t.  From 
these  fSetcts  it  results  that  in  order  to  cause  a  heavy  metal  like 
gold  or  platina  to  be  suspended  in  water,  with  litde  tendency 
to  fall,  its  particles  must  be  reduced  to  such  a  deg^e  of 
fineness  that  their  weight  is  nearly  counterbalanced  by  the 
resistance  which  the  fluid  ofiers  to  the  passage  of  their  buUc. 
This  can  be  accomplished  more  easily  than  might  be  expected, 
because  the  weight  of  round  bodies  diminishes  much  faster 
than  their  size.  The  rule  is,  that  the  contents  of  spheres  are  as 
the  cubes  of  their  diameter,  so  that  if  a  ball  three  inches  in 
diameter  weighed  27,  another  ball  one  inch  in  diameter  would 
only  weigh  1.  Thus  a  moderate  reduction  in  the  size  of  a 
round  ps^cle  makes  a  great  deal  of  diflerence  in  its  weight. 

When  a  minute  particle  is  freely  suspended  in  a  highly 
mobile  fluid  like  water,  the  slightest  force  of  any  kind  will 
disturb  its  equilibrium,  and  impart  some  motion ;  but  exactly 
•  what  force  causes  the  molecular  movements  does  not  appear  to 
have  been  ascertained.  Dr.  Carpenter  gives  an  interesting 
summary  of  what  is  known,  in  his  work  on  the  Microscope, 
from  which  we  will  make  a  quotation.    He  says : — 

^^  Nothing  is  better  adapted  to  show  it  (the  molecular 
motion)  than  a  minute  portion  of  gamboge,  indigo,  or  carmine^ 
rubbed  up  with  water,  for  the  particles  of  tiiese  substances  that 
are  not  dissolved,  but  only  suspended,  are  of  sufficiently  lai^ 
size  to  be  easily  distinguii^ed  with  a  magnifying  power  of  250 
diameters,  and  are  seen  in  perpetual  locomotion.  Their  move- 
ment is  chiefly  of  an  oscillatory  kind,  but  they  also  rotate  back- 
wards and  forwards  upon  their  axis,  and  they  gradually  change 
their  places  in  the  field  of  view.  It  may  be  observed  that  the 
movement  of  the  smallest  particles  is  the  most  energetic,  and 
that  the  largest  are  quite  motionless,  while  those  of  inter- 
mediate size  move  but  with  comparative  inertness.  The  move- 
ment is  not  due,  as  some  have  imagined,  to  evaporation  of 
the  liquid,  for  it  continues  without  the  least  abatement  of 
energy  in  a  drop  of  aqueous  fluid  that  is  completely  surrounded 
by  oil,  and  is  tlbierefore  cut  off  from  all  possibility  of  evapora- 
tion ;  and  it  has  been  known  to  continue  for  many  years  in  a 
small  quantity  of  fluid  enclosed  between  two  glasses  in  an.  air* 
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tight  case.  It  isj  however^  greatly  accelerated  and  rendered 
more  energetic  by  Heat ;  and  this  seems  to  show  that  it  is  dne 
either  directly  to  some  calorical  changes  continaally  taking 
place  in  the  fluids  or  to  some  obscure  chemical  action  between 
the  soUd  particles  aad  the  fluid,  which  is  indirectly  promoted 
by  heat." 

The  MicrographieBictumary  states  "that  neither  light,  elec- 
tricity, magnetism,  nor  chemical  re-agents  exert  any  effect  upon 
it/'  but  it  may  perhaps  be  worth  wlile  to  verify  these  asser- 
tions. 

After  witnessing  the  molecular  movements  with  gamboge, 
as  recommended  at  the  begmmng  of  this  paper^  let  two  minute 
drops^  one  of  water  and  the  other  of  gum  water^  be  placed  near 
each  other  on  a  slide.  Put  a  little  gamboge  into  the  water-drop, 
and  then  corer  both  drops  with  a  light  thm  piece  of  glass.  The 
two  drops  will  mix  slowfy,  and  it  is  then  easy  to  see  the  ^ual 
effect  of  the  introduction  of  the  gum  in  arresting  the  motion^  by 
diminishing  the  mobility  of  the  fluid.  To  see  the  effects  of  heat, 
place  the  microscope  upright,  lay  a  thin  strip  of  sheet  zinc  on 
the  stage,  haying  a  lit^e  hole  cut  in  it,  and  long  enough  that 
one  end  shall  project  an  inch  or  two  beyond  the  stop  on  one 
side ;  then  plcbce  a  piece  of  thin  glass  over  the  hole  in  the  zinc, 
put  a  drop  of  gamboge  water  upon  it,  cover  with  another  thin 
glass,  place  a  spirit-lamp  under  the  projecting  part  of  the  zinc 
plate,  and  watch  the  result  as  the  heat  is  conducted  to  the  fluid 
and  its  contents.  The  heat  gives  rise  to  currents  in  the  water- 
drop,  and  the  additional  motion  thus  imparted — one  of  distinct 
translation  in  a  given  course— must  not  be  confounded  with 
the  peculiar  molecular  fidget  which  will  go  on 
with  accelerated  velocity  at  the  same  time.  I ,% « 

Passing  from  instances  of  molecular  motion     t|^    pjg.^, 
in  water-drops,  it  is  interesting  to  watch  it  in     |sJ^| 
living  bodies.    In  the  cells  of  conferv©  it  may 
be  frequently  met  .with,  and  it  is  probably  con-     t'^ 
cemed  in  the  so-called  '^  swarming  process '*  of     |  i;l 
desmids  and  other  simple  plants.     When  the  * 

chlorophyl  of  conferva  cells  is  undergoing  de-  f^ 
cay,  the  molecular  movements  may  be  continually 
seen ;  but  it  is  not  every  mode  of  decay  that 
breaks  up  the  larger  masses  into  the  little 
particles  convenient  for  its  exhibition.  Fig.  1  Y^l 
represents  its  appearance,  so  far  as  stationary 
dots  can  indicate  it,  in  a  common  conferva,  and 
I  have  seen  it  conspicuously  shown  in  the  cells 
of  a  moss  often  found  in  ponds— Pon^inaZw  antipyretica. 

Although  frequently  associated  with  decay,  it  apparently 
also  forms  part  of  the  series  of  operations  thisit  take  place  in 
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bealthy  cells^  and  I  think  it  is  exhibited  in  many  of  the  condi- 
tions under  which  the  protoplasm  of  plants  is  engaged  in  forming 
new  organs^  as  well  as  in  other  cases  in  which  previously 
existing  forms  are  bein?  taken  to  pieces.  In  a  physical  point 
ofyiew^  all  that  is  required  is  the  presence  of  molecules  of  the 
right  size,  in  proportion  to  their  weight,  in  a  fluid  of  suitable 
density,  and  not  too  viscid. 

The  higher  the  power  employed,  the  more  extensively 
this  kind  of  motion  can  be  traced.  With  my  ^th  I 
have  seen  it  well  displayed  in  extremely  minute  vacuoles  of 
ciliated  infusoria,  and  recently  was  much  staick  with  it  in  blood 
corpuscles  taken  from  the  gills  of  tadpoles  in  an  early  stage.  I 
believe  I  am  right  in  stating  that  true  blood  corpuscles  result 
from  embryonic  or  primary  cells,  differing  considerably  trom. 
perfect  blood  corpuscles  eitiier  white  or  red.     In  my  tedpole 

babies  the  particles  circulating  through 
FIG: 2.  the  gills  in  close,  chain-like  array,  pre- 
sented, when  immersed  in  water,  instead 
X  1000  ^^  ^^^  characteristic  reptilian  form,  the 
appearance  of  Fig.  2,  and  all  the  little 
particles  represented  by  the  engraver's 
dots,  were  in  strong  molecular  motion^ 
which  I  presume  to  be  connected  with  the  process  of  develop- 
ment. White  nucleated  corpuscles  are  gradually  formed,  giving 
rise,  in  their  turn,  to  the  red. 

The  molecular  motions  must  tend  in  living  vessels,  as  they 
do  in  pails  or  jugs,  to  prevent  a  fluid  from  clearing  by  the  sink- 
ing down  of  small  suspended  matters.  They  must  also  promote 
any  chemical  and  physical  action  between  the  fluid  and  the 
particles  which  are  continuaUy  rubbing  themselves  against  it, 
and  they  may  thus  perform  an  importent  function  in  the  pro- 
cesses both  of  vital  construction  and  decay. 

I  append  to  these  brief  notes  a  few  extracts  from  two  very 
important  papers  by  Professor  Lionel  Beale^  which  appeared  in 
the  January  and  April  numbers  (1864)  of  the  QuaHerly  JoumaX 
of  Microscopic  Science  :— 

UINXTTE  PABnCLBS  OJt  OSBMIKAL  lOLTTBB  IK  THI  BLOOD. 

''In  the  blood  of  man  and  the  higher  animals  a  great  num- 
ber of  minute  particles,  of  tho  same  general  appearance  and 
refractive  power  as  the  matter  of  which  the  white  blood  cor- 
puscles are  composed,  may  be  demonstrated.  Some  of  these 
particles  probably,  under  certain  conditions,  grow  into  ordinary 
white  corpuscles,  while  others,  after  increasing  to  a  certain  size^ 
become  red  blood  corpuscles.*''     Dr.  Beale  adds  that  both. 

*  Qvarierly  Journal  of  JUtcroicopie  Seiinee^  April,  1864^  page  48. 
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wliite  and  red  ooipuBcleB  ybxj  mudi  more  in  edze  than  is  usually 
supposed* 

lOTTB  KINDS  OF  XATTBB  IK  THE  BLOOD. 

"  In  the  blood  we  have — 1.  Matter  that  is  living  and  active. 
2.  Matter  that  has  ceased  to  live^  and  which  now  possesses 
peculiar  properties  and  chemical  composition.  3.  Matter  which 
results  from  the  disintegration  of  the  formed  material ;  and  4. 
Matter  (pabulum)  which  is  about  to  Kve,  or  about  to  be  con- 
verted into  living  matter I  believe  the  colom-less 

corpuscles,  and  the  colourless  nuclei  of  the  red  corpuscles, 
consist  of  matter  in  a  living  state,  while  there  are  reasons  for 
concluding  that  the  coloured  material  has  ceased  to  exhibit  vital 
properties.''* 

SHAFX  OF  BLOOD  COBPUSCLES. 

'^  K  the  oval  corpuscles  of  a  &og  be  left  at  rest  in  a  fluid  of 
about  the  same  density  as  themselves,  they  become  completely 
spherical,  and  a  similar  change  occurs  in  the  oval  blood  corpus- 
cles of  all  animals  that  I  have  examined."  f 


THE  PHOSPHATES  USED  IN  AGEICULTUEE. 

BT    DB.  T.  L.  PHIPSOW,    P.C.S.    LOHDON,   BTC. 

It  is  HOW  some  twenty  years  since  the  great  truth  of  the  gradual 
exhaustion  of  soils  by  continaed  cultivation  began  to  dawn 
vividly,  and  with  all  its  force,  upon  the  agricultural  public  of 
Great  Britain.  Numerous  analyses  of  soils  and  plants,  under- 
taken, in  the  first  instance,  to  satisfy  an  ever-increasing 
curiosity,  soon  demonstrated,  in  a  most  forcible  and  practicd 
manner,  the  nature  of  the  ingredients  which  our  crops  take 
yearly  from  the  soil,  and  which,  in  a  country  so  thickly  popu- 
lated as  England,  it  is  indispensable  to  restore  in  some  way  or 
other  to  the  soU,  in  order  to  keep  up  a  proper  degree  of 
fertility. 

The  art  of  numurmgy  practised  for  centuries  before,  began 
to  be  understood  withm  the  last  quarter  of  a  century  only ; 
and  though  the  labours  of  Ldebig  in  Germany,  and  Boussin- 
gault  in  France,  preceded  by  those  of  Sir  Humphry  Davy  in 
this  country,  have  contributed  not  a  Httle  to  our  present  know- 
ledge of  the  subject,  yet  in  no  country  have  the  influences  of 
science  been  so  considerable,  so  gigantic,  as  in  our  own.  The 
reason  of  this,  doubtless,  lies  in  tiie  actual  population  of  Great 
Britain,  of  which  the  average  to  the  square  mile  is  greater 

*  Quarterl$f  Jovmal  of  Mieroseapie  Science^  JTantiaiy,  1864^  page  84. 
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than  that  of  any  other  conntry ;  consequently^  the  soil  here  is 
caused  to  do  its  utmost^  and  the  effects  of  exhaustion  have 
been  sooner  and  more  keenly  felt.  Although  scientific  agri* 
culture^  as  regards  its  diffiision  among  the  people^  is  still  in  a 
deplorable  state  on  the  continent  of  Europe,  as  may  be  seen 
by  glaudBg  from  time  to  time  at  the  pe^dioal  lit^ture  of 
Belgium^  [France^  Germany,  and  Italy,  the  time  will  certainly 
come  when  the  art  of  manufacturing  and  applying  manures  of 
all  descriptions  wiU  be  as  actively  pursued  in  these  countries 
as  in  England  at  the  present  day. 

Three  of  the  more  important  ingredients  which  soils  lose 
by  cultivation,  and  which  it  is  necessary  to  restore  to  them  in 
greater  or  smaller  quantities,  are  potash,  nitrogen,  and  phos- 
phate of  lime,  ligature  herself  supplies  these  substances  to 
the  soil  in  various  ways,  and  in  quantity  sufficient  for  the 
growth  of  wild  plants.  Thus,  potash  is  washed  into  the  soil 
by  the  rain-waters  which  flow  over  granitic  and  felspar 
rocks,  so  that  every  little  stream  contains  some  of  it ;  nitrogen, 
in  the  form  of  ammonia,  is  constantly  present  in  the  atmosphere, 
and  phosphate  of  lime  is  very  widely  distributed  over  the 
globe.  Moreover,  the  excrements  of  animals  contain  all  three. 
Another  ingredient  very  essential  to  vegetable  life  is  carbonic 
acid,  of  which  there  is  so  large  a  supply  in  the  atmosphere,  in 
the  streams,  and  rocks  of  the  globe,  that  it  is  rarely  necessary 
to  supply  it  artificially  to  our  cultivated  crops. 

I  Imve  said  that  nature  supplies  a  sufficiency  of  these  more 
important  constituents  of  the  fertile  soil,  to  ensure  the  growth 
and  luxuriance  of  wild  plants.  But  in  agriculture  we  are 
dealing  with  an  artificial  state  of  things,  and  the  natural  supply 
no  longer  suffices  to  maintain  fertility  in  our  cultivated  soils. 
In  our  present  system  of  manuring  potash  is  supplied  by 
farm-yard  manure,  sometimes  by  wood-ashes,  and  by  manures 
made  by  drying  the  excrements  of  animals  (sewage,  etc.) 
The  first  and  last  of  these  supply  also  ammonia  and  phosphates. 
Our  chief  sources  of  nitrogen  are  Peruvian  guano,  nitrate 
of  soda,  and  sulphate  of  ammonia  (from  the  gas-works).  The 
first  of  these  suppUes,  at  the  same  time,  phosphate  of  hme,  and 
the  last  is  sometimes  introduced  into  artificial  manures, 
such  as  the  ammoniacal  superphosphates. 

Our  sources  of  phosphate  of  lime  are  most  numerous,  and 
it  is  to  these  alone  that  I  shall  devote  the  present  paper.  A 
few  years  ago,  all  the  phosphorus  used  for  the  manufacture  of 
lucifer  matches  was  extracted  from  bones,  the  phosphate  of 
lime  used  in  the  various  manufactories  was  likevrise  obtained 
£rom  bones.  These  were  principally  collected  in  the  streets  and 
waste  places,  at  butchers'  establishments,  etc.  Since  the 
manufacture  of  superphosphate  of  lime  began  for  the  use  of  the 
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farmer,  not  only  immense  quantities  of  ox  bones  have  been  im- 
ported  yearly  into  England  from  South  America  and  other 
countries,  but  a  large  number  of  natural  deposits  of  phosphate 
of  lime  have  been  oiscoTered  and  utilized  without  delay  in  the 
interests  of  agriculture  and  manufactures.  It  was  shown  by 
Liebig  that  it  was  of  little  use  to  supply  ground  bones  to  the 
soil  in  order  to  obtain  a  rapid  result^  for  ti^e  bone  earth  takes  a 
long  time  to  become  soluble  by  the  action  of  the  carbonic  acid, 
aiid  other  vegetable  acids  of  the  son,  and  cannot  penetrate  into 
the  tissues  of  plants  until  it  is  so  dissolved.  In  order,  there- 
fore,  to  fumisn  plants  with  phosphate  of  lime  in  a  soluble 
state,  Liebig  proposed  that  bones  or  other  phosphates  should  be 
treated  with  sulphuric  acid.  Hence  arose  the  manufacture  of 
superphosphate  or  soluble  phosphate  of  Hme,  which  has,  of  late 
years,  taken  such  extension  in  England*  It  is  to  this  manufac- 
ture principally  that  is  owing  the  enormous  importations  of 
phosphate  of  lime  in  various  forms  which  arrive  in  Great 
Britain  from  all  parts  of  the  globe. 

It  was  probably  the  introduction  of  jmano  from  South 
America  thTt  bronjht  certain  practical  minS^  consider  more 
attentively  the  best  means  of  restoring  fertility  of  exhausted 
soils  and  of  keeping  up  the  fertility  of  those  not  yet  exhausted. 
This  extraordinary  and  powerful  manure,  the  enormous  suppUes 
of  which  appear  to  have  been  stored  up  by  Providence  for  the 
actual  wants  of  agriculture,  as  the  endless  suppUes  of  coal  have 
accumulated  in  bygone  ages  to  supply  the  wants  of  our 
manufactories,  was  brought  to  Europe  in  1804  by  Alexander 
von  Humboldt  as  a  scientific  curiosity.  Its  valuable  nature  was 
not  entirely  appreciated  by  the  public  at  large  until  about  1838, 
when  large  quantities  of  it  began  to  be  imported  into  England 
as  a  manure.  Two  years  later  (1840),  Liebig  brought  out  his 
weU-known  work  on  agricultural  chemistry,  making  known  the 
principle  of  the  manufacture  of  superphosphate  of  lime,  and 
m  1842,  Mr.  Lawes  began  to  manufacture  this  superphosphate 
manure. 

Guano  being,  as  is  well-known,  the  accumulated  excrement 
of  sea-fowl  (and,  consequently,  having  the  same  composition  as 
the  excrements  of  pigeons  and  other  domestic  birds),  is  abun- 
dant in  many  parts  of  the  globe.  In  certain  tropical  region^ 
(Peru,  Chinca  Isles,  etc.),  where  it  never  rains,  t^is  guano  is 
very  rich  in  urate,  oxalate,  and  phosphate  of  ammonia,  besides 
containing  about  22  or  23  per  cent,  of  phosphate  of  lime.  But 
in  localities  which  are  frequently  visited  by  hurricanes  and  much 
rain,  the  organic  constituents  and  salts  of  ammonia  are  washed 
out,  and  the  nUneral  constituents  increase  in  proportion :  the 
guano  becomes  less  valuable  as  a  manure,  by  loss  of  its  ammo- 
niacal  compounds,  but  constitutes  a  plentiful  source  of  phosphate 
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of  lime.  Sncli  are  tlie  phospliates  known  as  "  West  India  phos- 
phate/' '^  Bolivian  goano^'^  etc.  These  contain  from  40  to  60 
per  cent,  (and  sometimes  more)  of  ordinaiy  phosphate  of  lime, 
whilst  their  per-centage  of  nitrogen  (ammonia)  dwindles  down 
to  2,  1,  or  even  0*5  per  cent.^  as  the  phosphate  inCTcaooff. 
Here^  Ihen^  is  an  abundant  source  of  phosphate  of  lime. 

But  several  West  India  islands  furnish  a  species  of  hard 
rock^  of  very  peculiar  aspect,  consisting  chiefly  of  phosphate  of 
lime.  Many  persons  consider  that  this  rod^  has  been  derived 
from  guano,  supposing  it  to  be  the  result  of  exposure  to  the 
atmosphere  for  thousands  of  years ;  others  imagine  it  to  be 
guano  modified  by  volcanic  action.  I  have  examined  this 
mineral  phosphate,*  and  find  that  it  contains  not  only  phosphate 
of  lime^  but  also  a  considerable  proportion  of  phosphate  of 
alumina — a  substance  not  met  with  in  guano :  it  is,  in  fact,  a 
compound  of  phosphate  of  lime  and  phosphate  of  alumina,  con- 
taining about  17  per  cent,  of  the  latter,  and  65  per  cent,  of 
the  former.  As  this  rock  is  principally  derived  from  the  little 
island  of  Sombrero,  I  called  it  SomhrerUe,  This  is  another 
tolerably  abundant  source  of  phosphate  of  hme,  much  used  in 
the  manufacture  of  superphosphate  manure* 

Another  hard  phosphatic  rock,  of  a  similar  description,  is 
found  upon  Monk  Island,  in  the  Gulf  of  Venezuela.  Although 
I  have  received  for  analysis  in  my  laboratoiy  many  hundred 
specimens  of  the  different  phosphates  mentioned  in  ^s  paper, 
I  have  never  yet  met  with  this  one  from  Monk  Island ;  but  I 
have  reason  to  believe  it  is  a  substance  similar  in  all  respects 
to  Sombrerite.  Whether  it  be  so  or  not  cannot  be  determined 
by  the  few  incomplete  analyses  that  appear  to  have  been  made 
of  it  hitherto.  However,  it  constitutes  a  cheap  source  of  phos- 
phate to  manufacturers  of  superphosphate  manure;  and  it 
appears  to  contain  78  to  80  per  cent,  of  phosphate  of  lime. 

Another,  and  .most  abimdant  source  of  phosphate  of  lime  is^ 
I  am  happy  to  say,  an  indigenous  one,  and  one  which  is  very 
extensively  utilized  in  the  manufacture  of  superphosphate.  I 
allude  to  the  Cambridge  and  Suffolk  coprolitee.  These  are  hard 
nodules,  somewhat  cylindrical,  and  having  rounded  edges. 
The  Cambridge  coproUtes  are  found  in  the  upper  green  sand, 
.where  they  form  extensive  deposits,  and  are  so  intimately 
mixed,  on  their  surface,  with  the  green  sand  itself,  that  their 
true  colour  is  only  seen  when  they  are  broken.  They  contain 
60  to  65  per  cent,  of  phosphate  of  lime,  sometimes  rather  more, 
and  when  ground  form  a  yellowish- white  powder.  They  are 
supposed  to  be  the  fossil  excrement  of  extinct  animals,  hence 
their  curious  name,  derived  from  the  Greek ;  but  we  have  not 

*  Journal  of  the  Chemical  Sodetjf,  1862. 
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sufficient  proof  of  this  extraordinary  supposition.  Howeyer, 
the  revelations  of  geology  during  the  past  twenty  years  have 
been  so  exceedingly  wonderful^  that  one  is  readily  tempted  to 
admit  that  some  of  these  coprolites  are  the  fossil  excrement  of 
certain  extinct  animals^  probably  reptiles^  and  therefore  cor- 
respond somewhat  in  their  chemicid  composition  to  g^no 
which  has  been  deprived  of  its  organic  matter  by  atmospheric 
influences.  Specimens  of  such  guano  have  given  me^  upon 
analysis,  from  15  to  30  per  cent,  of  carbonate  of  lime,  whicb 
resembles  the  proportion  of  carbonate  of  lime  invariably  present 
in  every  description  of  coprolites. 

The  main  thing  that  regards  the  agriculturist  or  manure 
manufacturer,  however,  is  their  chemical  composition,  by  whidi 
these  Cambridge  coprolites  appear  to  be  the  cheapest  source  of 
phosphate  of  lime  at  present  known.  The  Suffolk  coprolites 
are  dark  brown  nodules,  some  .of  which  have  very  much  the 
appearance  of  fossil  bones  rounded  by  the  action  of  the  sea. 
Thej  always  contain  a  certain  amount  of  red  oxide  of  iron,  and 
about  56  per  cent,  of  phosphate  of  lime ;  they  are  consequently 
rather  less  valuable  than  the  pure  Cambridge  coprolites ;  more- 
over,  they  appear  to  bebng  to  the  tertiary  formations. 

All  these  coprolites,  and,  indeed,  all  natural  phosphates 
used  in  agriculture,  except  apatite  (see  further),  contain  a  cer- 
tain amount  of  carbonate  of  lime  and  insoluble  silicious  matter, 
and  it  is  important  to  manufacturers  and  agriculturists  to  have 
the  proportions  of  these  determined  accurately,  otherwise  they 
have  no  control  over  adulteration,  and  no  basis  to  work  upon  in 
the  manufacture  of  artificial  manures. 

Along  with  Cambridge  coprolites  I  have  found  fragments 
of  fossil  bone — bones  of  reptiles,  probably — showing  the  same 
chemical  composition  as  the  rounded  nodules  or  coprolites 
themselves.  The  Suffolk  coprolites  appear  to  be  chiefly  fossil 
bone,  more  or  less  impreraated  with  phosphate  of  iron,  etc. 

But  the  whole  of  the  upper  Green  Sand  formation  of  Eng- 
land is  characterized  by  a  wido  diffusion  of  phosphoric  acid  in 
the  shape  of  phosphate  of  Ume.  My  attention  was  called  to 
this  some  years  ago,  by  a  relation  who  forwarded  to  me  a  very 
large  specimen  of  fossil  wood  from  the  Green  Sand  of  the  Isle 
of  Wight,  which,  upon  being  submitted  to  analysis,  gave  me  an 
enormous  proportion  of  phosphate  of  lime — in  fSact,  it  was 
chiefly  formed  of  this  substance  and  fluorspar — though  it  was 
not  apatite  ;*  and  I  learnt  afterwards  that  Mr.  Thomas  Way 
had  formerly  examined  «several  fossil  polyps,  sponges,  etc., 
from  the  Green  Sand,  which  gave  a  very  large  per-centage  of 
phosphate  of  lime. 

*  Bee  Report  o/JBritUh  Auociation,  1861,  and  Chemical  Nevs,  1861. 
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This  proves  to  us  tliat  a  great  amount  of  phosphates  has 
been  diffused  through  the  Upper  Green  Sand  formations,  may-be 
by  the  accumulated  excrement  of  myriads  of  fish  and  large  rep- 
tiles which  inhabited  this  country  at  the  remote  geologic^ 
periods  to  which  these  formations  belong. 

I  have  since  analyzed  many  other  sedimentary  rocks  and 
fossils,  in  order  to  discover  whether  they  contained  any  notable 
quantity  of  phosphate  of  lime,  but  rarely  found  more  than  one 
or  two  per  cent.,  frequently  a  mere  trace  only.  However,  there 
exist,  doubtless,  other  sources  of  phosphate  yet  to  be  dis- 
covered. 

If  we  admit  that  the  mineral  phosphate  Sombrerite  and  that 
of  Monk  Island  be  similar  minerals,  and  have  been  derived,  by 
some  unknown  geological  process,  from  guano;  if  we  admit,  more- 
over, that  the  coproUtes  found  in  Cambridge  and  Suffolk  are,  like 
those  of  the  Coal  and  Lias  formations,  true  fossil  excrements, 
mixed  here  and  there  with  bone ;  and,  thirdly,  if  we  admit  that 
the  other  numerous  and  above-named  fossils  (wood,  sponges, 
polyps,  etc.)  fossilized  by  phosphate  of  lime,  be  the  result  of 
an  impregnation  of  organic  substances  by  the  excrementitious 
matter  of  animals  now  extinct,  what  a  splendid  example  we 
have  here  of  applied  palasontohgy.  For  since  agricultural 
chemistry  began  its  rapid  development,  all  these  ''  fossil  excre- 
ments '*  have  become  valuable  as  a  means  of  aiding  us  to  keep 
up  the  fertility  of  our  soils,  to  increase  our  wheat  crops,  and  to 
have  an  abundant  and  cheap  supply  of  bread.  We  are  thus 
tempted  to  class  all  phosphates  used  in  agriculture,  including 
bones,  bone- ash,  etc.,  as  derived  from  organized  beings  that 
have  once  flourished  upon  our  globe. 

But  we  have  anotner  source  of  phosphate  of  Ume  in  the 
coarse  variety  of  apatite  of  Estremadura,  which  appears  to  have 
had  no  connection  with  organized  beings  of  any  description, 
and  cannot  be  considered  as  a  fossil.  The  Estremadura  phos- 
phate met  with  in  commerce  is  the  mineral  apatite  in  the  massive 
form ;  it  is  abundant  in  Spain,  and  may  be  in  other  coantries 
also,  but  up  to  the  present  time  it  does  not  appear  to  be  so 
plentiful  as  the  other  phosphates  mentioned  in  this  paper. 
However,  it  is  of  all  known  substances  found  in  nature  that 
which  contains  the  most  phosphate  of  lime,  the  per-centage  of 
which  in  the  commercial  specimens  averages  from  85  to  87  per 
cent.,  and  in  absolutely  pure  specimens  as  much  as  92. 

The  remaining  phosphates  used  in  agriculture  are  bones, 
bone-ash,  and  animal  charcoal.  The  4wo  latter  are  merely  burnt 
bone.  Bones  contain  the  peculiar  phosphate  known  as  '^  bone- 
earth,^^  equivalent  to  about  56  per  cent,  of  ordinary  tribasic 
phosphate  of  lime.  When  ground,  they  often  become  mixed 
with  silica  and  other  impurities.     Enormous  cargoes  of  ox- 
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bone,  either  sun-dried  or  in  the  shape  of  bone-ash,  are  imported 
from  South  America  into  England. 

Bone-ash  is  bone  burnt  in  contact  with  the  air  until  its 
organic  matter  is  destroyed ;  it  yields  a  quantity  «f  bone  phos- 
phate equivalent  to  70  or  90  per  cent,  of  ordinary  phosphate  of 
lime,  according  to  its  degree  of  purity.  When  burnt  without 
contact  of  air,  animal  charcoal  is  obtained ;  this  is  used  to  clarify 
sugar,  juice,  etc.,  and  when  spent  is  burnt  over  again.  After 
being  thus  burnt  twice  or  thrice,  it  becomes  comparatively  use- 
less to  the  sugar-refiners,  and  is  sold  to  manufacturers  of  super- 
phosphate. According  to  a  number  of  analysis  made  of  this 
substance  in  my  laboratory,  it  may  be  said  to  average  from  70  to 
80  per  cent,  of  phosphate  of  lime. 

Such,  then,  are  the  substances  which  furnish  our  agricul- 
turists, our  lucifer-match  manufacturers,  our  colour-makers, 
etc.,  with  their  suppUes  of  phosphate  of  Hme.  It  is  needless, 
perhaps,  to  add  that  agriculture  absorbs  by  far  the  greatest 
portion  of  this  phosphate,  and  we  may  be  thankful  that  there 
exists  so  plentiful  a  supply  of  it.  In  a  future  paper  I  will  con- 
sider our  present  sources  of  ammonia. 


SNOW  CRYSTALS. 

BT  E.   J.   LOWE,   ESQ.,   F.B.A.S.,  ETC. 

When  we  observe  the  snow  beating  against  our  windows,  or 
being  drifted  into  heaps  by  the  wind,  we  regard  it  with  interest, 
we  admire  its  dazzhng  whiteness,  and  we  are  thankful  to  look 
upon  its  carpet,  because  it  is  a  protection  to  tender  plants  from 
the  injuries  of  severe  frost.  Few  of  us,  however,  are  aware  of 
the  exquisite  beauty  of  some  of  these  snow  crystals;  very 
various  in  form,  and  sometimes  exceedingly  intricate,  it  be- 
comes impossible  to  do  justice  to  a  snow-storm.  The  difficul- 
ties to  be  overcome  are  great:  a  lovely  star  descends  and 
ahghts  upon  a  leaf;  paper  and  pencil  are  at  hand,  and  the  mag- 
nifying-glass  reveals  its  beauties,  but  before  it  can  be  sketched 
in  all  probability  it  has  melted  and  gone.  If  snow  falls  in 
showers,  and  the  temperature  of  the  air  is  above  the  freezing- 
point,  it  is  almost  impossible  to  sketch  the  crystals.  Once  or 
twice  a  year  the  weather  is  sometimes  favourable  for  these 
investigations,  and  such  a  day  was  February  10, 1864.  Let  us 
take  this  day  as  an  example  : — 

There  had  been  a  severe  frost,  the  temperature  falling  to 
15*8*  at  the  height  of  four  feet,  and  to  IS'l""  on  the  grass.  The 
morning  was  overcast,  foggy,  dark,  and  having  a  peculiar  yellow 
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smoky  ftppearance,  that  is  not  uncommon  on  Hie  advent  of  enow. 
At  Sh.  1dm.  A.H.  few  mow  crystals  ctHomenced  falling;  at 
lOh.  30m.  A.H.  the  temperatmre  at  four  feet  was  25-8*^  wet  bolb 
thennometer  25-3';  on  the  grass,  24*7';  whilst,  if  wo  tam  to 
the  internal  temperature,  we  di&ll  obserre  that  helow  the 
snr&ce — 

At  two  inches  on  drained  land  it  was       25'8* 
At  four    „  „  „  22-8" 

At  six      „  „  „  20-8* 

At  two  inches  on  undrained  land  it  was  22'8" 
At  four    „  „  „  20-5* 

At  six      „  „  „  20-8' 

The  ground  and  lur  were,  therefore,  in  duch  a  condition  that 
the  8B0W  would  not  melt.  At  first  the  snow  ojstals  were  solid, 
opaque,  ronnded,  and  confused  in  the  interior,  yet  exhibiting 
the  nsiul  six-sided  or  hexagonal  form.  Amongst  these  cryst^ 
Fig.  1  a  was  detected,  resembling  six  small  leathers  &steoed 
together,  and  presently  another,  Fig.  1  8,  not  unlike  an  arrange- 
ment of  fern  fronds,  having  a  central  opaque  star.  From  uiis 
time  (TOh.  15m.  A. v.)  the  crystals  were  most  beautiful.  A 
third,  somewhat  similar  to  the  last-meDtioned,  yet  having  the 
branches  transparent  and  six-sided;  then  came  a  solid  flat 
lozenge. 

The  next  crrstal  is  more 
^'°-  *■  especially  worth   notice,  as 

it  was   changed   artificiallj. 
It  is  represented  in  Fig.  2  a, 
fem-like    at  the    tips,   but 
«  feathered  within  in  the  man- 
.  f  ner  of  a   fir    branch,   ^tle 

opaque    and   snowy   white; 
^  on  breaUiing  gently  on  this 

crystal  it  partially  melted, 
and  firoze  ag^  as  a  colour- 
less tratuparent  six-rayed 
'  star.  Fig.  2  /S,  quite  B)mple 
'  1  its  construction. 

Fig.  1  ^  represents  ano- 
ther star  with  spinose  edges ; 
there    was     also    a    crystal 
somewhat    similar,    in    the 
form  of  a  cnneate  wheel,  soUd 
and  opaque. 
Fig.  2  7  was  a  leafy  star,  then  came  quite  a  different  <sryBtal 
from  all  the  others,  naked  in  its  branches,  bat  instead  of  being 
flat,  it  took  the  form  of  a  ball. 


Snow  OryttaU. 

Fig-.   1    f  vas  the  most  remarkabte  crystal,  in  i 
Bpects  not  nnlike  the  bloom  F  i  g  :  <. 

of  a  mangold. 

Fiff.  2  £  WBg  a  feathery 
crystal,  opaque,  each  Immch 
hexagonal,  and  hollow. 

At  llh.  50m.  A.H.,  these 
crystals  became  minted  with 
very  thin,  transparent,  and 
exceedingly  smaU  needles  of 
ice.  Fig.  3  a. 

At  noon,  these  needles 
fell  briskly,  and  frequently 
two  were  miited,  mostly 
like  Fig.  3  $. 

At    12fa.    5m.   P.K.,  the 

needles  had  either  assmned 

the  form  of  feathers.  Fig.  3  7,  or  fell  in  bnodles  of  feathers.  Fig. 

F I Q :  3 .  3  2,  and  the  crystals  that  now  fell 

\  were  mnch  smaller,  maaj  ct  the 

\     /  '        %i      ^"  "^  ^^"  *  ^'  *°^  some  only 
\y  ^|b    jnst  viaible  to  the  naked  eye,  like 

^  ^   Fig.  4  7.     Before  llh.  50m.  A.11., 

tt  fi  ^     none  were  less  than  Fig.  4  a.    The 

needles  of  ice  when  they  6rat  com- 
menced  faUing  were  only  eqnal  in 
size  to  Fig.  4  8,  bnt  soon  became 
larger.  The  microscopic  crystal, 
Y  .  Fig.  4  7,  was  JQat  discemilue  as 

*  a  minnte  circle,  which,  when  mag- 

nified,  resolred  itself  into  a  beautifdl  and  complicated  crystal. 
In  contrast  to  the  microscope  crystal.  Fig.  4  7,  my  brother 

{Capt.    A.    S.    H.    Lowe) 

^■""^         sketched  one  at  11  a.m.  on  '^'O'* 

^  g        the20thofFebrQary&alarge 

I  y       as  afbnrpenny-piece.     TMs 

is  represented,  in  Fig.  4  e,  of 

the  natural  size  and  form, 

^         O     I   need   not    say  this  is  a 

"  ^      most  uimsnal  size,  and  more 

nearly  approaches  those  de- 

Ufcjife       scribed  as  seen  in  the  polar 

^CHBAL  regions  by  the  arctic  navi- 

nEa^   gators. 

V^l|^^  iietnrmng  to   our  pre- 

^Irw^      sent    snow-storm,  at    12h. 

(  10m.  FJ(.  the  crystals  were  less  in  number,  there 
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being  now  more  needles^  and  feathers  of  ice  in  bundles,  and 
amongst  these  were  entangled  one  or  more  crystals,  an  example 
of  wmch  is  represented  in  Fig.  5. 

At  121i.  15m.  small  circolar  and  conical  opaque  hailstones 
fell  (Fig.  6  a  and  Fig.  6  ^ ),  which  soon  became  very  abundant> 
and  were  mingled  with  a  few  transparent  bars  of  ice.  Fig  6  S. 

Atl2h.  35m.  these  hailstonesweregranuIated,and  had  adouble 
hexagonal  form  (Fig.  6  7),  which,  when  pressed  with  a  hard  pencil, 

broke  into  frainnents,  eadi 
'"*•••  fragment   re^bling    the 

ha&tone.  Fig.  6  p,  the 
pointed  ends  being  in  the 
centre  of  the  hailstones,  and 
,  the  broad  ends  on  the  dr- 

'^  cumference.     At  12h.  40m. 

P.M.  the  snow-storm  ceased,  after  having  given  so  great  a 
diversity  of  form  and  size. 

To  Mr.  Glaisher  we  are  indebted  for  many  figures  of  re- 
markable snow  crystals,  which  he  has  published  in  the 
Trwnsactions  of  tJie  British  Meteorological  Society,  To  Sir  John 
Herschel  we  are  also  indebted  for  the  plate  in  the  new  edition 
of  the  Encydopcedia  Brita/nnica,  Two  plates  of  my  own  sketch- 
ing may  also  be  found  in  the  Magazine  of  Natural  Philosophy, 
and  recently  (January  3rd)  I  had  the  gratification  of  observing 
hexagonal  crystals  of  hail,  an  account  of  which  will  be  found  in 
the  Transa^^tions  of  the  British  Meteorological  Society. 

Snow  crystals  always  contain  six  similar  branches  or  sides, 
as  the  water  crystallizes  in  hexagonals.  These  branches  are 
not  exactly  alike,  differing  from  each  other  as  leaves  on  the 
same  tree,  yet  bearing  so  strong  a  resemblance  to  one  another, 
that  if  it  were  possible  to  separate  the  branches  firom  a  number 
of  crystals,  and  mix  them  together,  it  would  very  readily  be 
ascertained  (through  a  microscope)  which  branches  belonged 
to  each  crystal. 

The  severe  winter  of  1855  was  peculiarly  rich  in  exquisite 
snow  crystals,  especially  on  the  22nd,  23rd,  and  26th  of  January, 
on  the  3rd,  6th,  and  12th  of  February,  and  on  the  llth  and 
22nd  of  March. 

It  is  not  uncommon  to  see  two  or  more  crystals  firozen 
together;  and  occasionally  a  shower  will  come  on,  in  which 
the  crystals  are  broken  up  and  mutilated,  remnants  of  crystals 
being  found  amongst  the  snow-flakes. 

The  large  wooUy-like  snow-flake  which  speedily  covers  the 
ffround  is  not  the  kmd  of  shower  in  which  to  see  snow-crystals  ; 
uiese  large  flakes  usually  fall  at  a  temperature  scarcely  below 
the  freezing  point ;  as  the  cold  increases,  the  size  of  the  snow- 
flakes  decrease,  and  usually,  if  snow  falls  firom  26**  to  80% 
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crystals  will  be  obsenred :  colder  than  this^  tbe  deposit  will 
only  be  as  ic^  spicnlsa^  or  needles  of  ice. 

Until  the  scientific  balloon  experiments^  'it  was  generally 
thought  that  the  snow  crawled  along  the  ground^  whilst  the 
hail  was  formed  at  a  considerable  altitude.  As  a  contradiction 
to  this^  Mr.  Glaisher  has  passed  through  snow-storms  a  mile 
above  the  earth.  In  winter^  whilst  in  mountainons  districts^ 
snow-storms  may  be  seen  travelling  amongst  the  valleys,  with- 
out ascending  the  mountains;  and  although  the  mountains  are 
more  frequently  covered  than  the  valleys^  it  usually  happens, 
from  this  circumstance,  that  whilst  rain  falls  in  the  valley,  the 
colder  hills  are  receiving  it  in  the  form  of  snow. 

It  may  be  that  the  snow  in  winter  is  very  close  to  the 
ground,  ascending  higher  into  the  air  the  warmer  the  weather 
becomes. 
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STAE-FOLLOWING  WITH  TABLE  STANDS. 

BY  £Sy.   E.  L.   BEBTHON,   H.A. 

The  November  number  of  the  Intellectual  Obsebyeb  con- 
tained a  description  of  a  new  stand  for  astronomical  telescopes 
likely  to  be  acceptable  to  amateurs.  The  inventor  wishes  now 
to  publish  the  sequel  to  that  arrangement^  showing  a  simple 
way  by  which  the  heavenly  bodies  may  be  convemently  fol- 
lowed^ either^  Ist^  by  a  single  movement  of  the  one  hand,  or, 
2nd,  by  a  means  entirely  automatic.  By  referring  to  No.  zzii. 
page  283,  it  will  be  observed  that  the  movement  in  altitude 
is  effected  by  a  long  screw  turned  by  a  little  winch;  and 
that  in  azimuth  by  a  horizontal  movement  of  the  whole  stand 
upon  rollers. 

It  will  be  remembered  that  a  slab  of  smooth  slate,  whicli 
may  be  had  for  three  or  four  shillings,  was  recommended  as 
the  flat  surface  on  which  this  stand  should  work.  The  slab 
should  be  about  thirty  inches  long  and  eighteen  inches  wide, 
and  instead  of  being  fixed  it  should  be  made  to  revolve  where 
required  about  a  pivot.  To  accomplish  the  improved  work- 
ing  of  this  stand,  two  pieces  of  wood  cut  this  shape 
are  fixed,  one  at  each  end  of  the  slab,  by  means  of  a 
wedge.  On  the  side  of  one  of  these  pieces — ^that 
on  the  right  hand — ^is  placed  a  little  sheave  of  brass 
working  on  a  pin.  Over  this  passes  a  piece  of  fine 
whipcord  having  a  weight  of  three  or  four  pounds 
upon  it,  and  the  other  end  made  fast  to  the  piece  of 
wood  on  the  other  end  of  the  slab.  The  cord  is  thus 
stretched  across  the  slab  in  a  state  of  tension. 

We  must  now  recur  to  the  stand.  The  annexed 
woodcut  represents,  in  real  size,  a  section  of  the  hinder  part  of 
the  board  or  base :  a  is  part  of  the  long  screw  inclining  up- 
wards. This  screw  is  prolonged^  backwards,  and  between  its 
two  bearings  b  and  c  it  has  a  well-turned  cone  of  boxwood, 
and  terminates  in  a  square  end  to  receive  the  winch  or  handle 
d.  The  bearings  b  and  c  are  prolonged  upwards  and  support 
another  spindle  now  to  be  described :  it  is  made  square  be* 
tween  the  bearings,  and  upon  it  is  a  flat  wheel  or  disc  of  brass 
having  its  edge  milled  like  that  of  a  shilling,  which  is  made  to 
slide  up  and  down  the  square  spindle  so  as  to  touch  the 
wooden  cone  at  any  desired  part.  On  the  same  spindle  behind 
the  aftermost  bearing  is  a  brass  sheave  with  several  grooves  of 
different  diameters,  e.  There  is  also  one  more  little  sheave/ 
working  on  a  pin,  round  which  and  also  round  one  of  the 
grooves  of  the  sheave  e,  is  passed  an  elastic  band  to  maintain  a 
constant  pressure  between  the  cone  and  disc.    Finally  the 
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liinder  bearings  c,  is  open  like  the  letter  u^  so  as  to  allow  the 
spindle  and  disc  to  be  raised  clear  of  the  cone ;  it  is  furnished 
with  a  little  wedge  which^  when  pushed  in^  lifts  it  up  thus : — 
Now  to  use  this  standi  the  disc  being  kept  free 
from  touching  the  cone  by  means  of  the  little 
wedge  which  is  pushed  in,  the  cord  is  passed 
completely  round  one  of  the  grooyes  of  the 
sheave  e  (either  over  or  under  according  to  the 
motion  of  the  star  to  be  observed).  The  stand  is 
moved  right  or  left  by  hand,  and  the  altitude  attained  by  the 
long  screw.  As  soon  as  the  star  is  found  the  little  wedge  is 
drawn  back,  and  the  disc  is  now  pressed  by  the  force  of  the 
elastic  band  against  the  cone,  aided  also  by  the  weight  at  the 
end  of  the  cord,  and  by  the  friction  thus  produced,  the  disc 
and  cone  now  move  together;  thus  the  two  movements  in 
azimuth  and  altitude  are  simultaneously  produced  by  turning 
the  winch  d;  and  their  relative  velocities  are  adjusted  by 
sliding  the  disc  to  a  larger  or  smaller  part  of  the  cone  as 
recniired.  Since  there  are  several  grades  to  the  sheave  a,  and 
each  may  be  acted  upon  by  any  part  of  the  cone,  a  great  variety 
of  relative  speeds  may  be  obtained  to  suit  the  rising,  southing, 
or  setting  of  the  heavenly  bodies. 

The  above  arrangement  is  found  so  simple  and  easy  to  work 
with,  that  any  further  degree  of  independence  of  manual  action 
is  unnecessary  for  the  amateur  astronomer  on  his  own  account, 
for  with  one  gentle  movement  of  one  hand  he  can  follow  a  star 
in  any  direction;  but  there  are  cases  in  which  a  complete 
automatic  movement  is  desirable,  as,  for  instance,  in  showing 
the  planets  to  a  number  of  young  people  one  after  another. 
The  telescope  once  set  may  be  kept  with  the  object  in  the 
field  for  a  quarter  or  half  an  hour  by  a  very  inexpensive  mover, 
although  hitherto  such  a  luxury  has  been  confined  to  the 
possessors  of  costly  equatorial  mountings,  with  equally  ex- 
pensive clockwork  to  keep  them  moving. 

The  prime  mover  to  accomplish  it  is  a  plain  moderator  lamp, 
such  as  may  be  bought,  without  stand,  ^obe,  or  chimney,  for 
ten  shillings.  The  wick-tube  with  the  smaller  rack  and  pinion 
is  removed,  and  on  the  top  of  the  little  oil-pipe  is  soldered  a 
very  small  gas-jet  with  stopcock,  through  which  the  oil  may 
escape  faster  or  slower  as  desired.  The  lamp  filled  with  pure 
fine  colza  oil  is  attached  to  the  slab  of  slate  on  the  left-hand 
side  and  about  a  foot  below  it.  Another  pair  of  sheaves  are 
now  fitted,  one  to  each  of  the  blocks  of  wood  on  the  slab ; 
another  piece  of  whipcord  is  used ;  one  end  of  it  is  tied  to  the 
rack  of  the  lamp  which  rises  two  or  three  inches  when  the  lamp 
is  wound  up ;  it  then  passes  over  the  two  sheaves  across  the  slab, 
and  hangs  down  on  the  right  side  with  another  weight  attached. 

VOL.  V. — ^NO.  IV.  X 
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Now  to  employ  this  combi]iati0n.  Let  the  star  be  fonnd  as 
before,  and  the  velocities  in  azimuth  and  altitude  relatively 
adjusted;  the  cord  from  the  moderator  moyer  is  now  taken 
between  the  finger  and  thumb  and  passed  round  a  small  pin 
on  the  afterpart  ci  the  board  or  base  of  the  stand,  or  it  may 
pass  tinder  a  little  plate  of  brass  and  be  nipped  by  a  screw. 

The  lamp  now  takes  chaise  of  the  whole  affair,  and  slowly 
and  steadily  moves  the  stand  towards  the  left,  thus  following^ 
the  horizontal  motion  of  the  star  or  planet ;  but  as  the  other 
Jixed  cord  is  passed  round  the  sheave  e,  this  movement  cannot 
take  place  without  turning  it^  and  thus  the  vertical  motion  is 
obtained  at  the  same  time.  The  flow  of  oil  is  regulated  by  the 
stopcock ;  and  if  a  greater  force  is  required  than  that  of  tiie 
spring  in  the  cylinder  of  the  lamp,  a  weight  of  any  amount  caa 
be  placed  on  the  top  of  the  rack. 

N.B.  When  the  star  to  be  observed  is  on  or  near  the 
meridian  no  movement  in  altitude  is  required,  so  the  little 
wedge  is  pushed  in,  and  the  disc  revolving  free  from  the  cone, 
the  winch  may  be  iaransferred  to  the  square  above  of  the  upper 
spindle. 


SOLAE  OBSERVATION.— TRANSITS  OF  JUPFTBR'S 

SATELLITES. 

BY  THE  S£V.  T.  W.  WEBB,   M.A.j  V.BJL.S. 

Thx  most  magnificent  object  of  all  human  contemplation  is,, 
beyond  a  doubt,  the  great  star  to  whose  influence  our  planetary 
system  has  been  subordinated  by  its  Creator.  Other  suns, 
there  is  reason  to  believe,  may  bo  superior  to  it  in  magnitude, 
or  at  least  intrinsic  splendour,  but  in  a  remoteness  which  even 
the  velocity  of  light,  that  reaches  us  in  about  eight  minutes 
from  the  sun,  can  only  measure  by  intervals  of  whole  years, 
their  individual  features  are,  and  ever  must  remain,  unknown 
to  us.  As  it  was  recently  remarked  in  a  very  interesting  paper, 
with  which  our  readers  are  familiar,  ''  We  never  see  the  Stars.'* 
On  the  other  hand,  the  distance  of  our  own  sun  is  such  as  to 
place  him  within  reach  of  even  our  smaller  instruments,  and  to 
bring  that  enormous  flood  of  light  clearly  before  the  spectator's 
eye  ;*  while  the  magnitude,  the  variety,  and  the  strangeness  of 

*  A  power  of  180  repiesenta  the  solar  disc  under  bo  great  an  angle  that  its 
entire  breadth,  if  it  were  comprised  in  one  field,  would  fill  up  the  wholo 
•kj  from  the  horizon  to  the  zenith.  This  maj  appear  at  first  sight  almost 
incredible^  but  it  is  matter  of  easy  proof.  The  sun's  diameter  areraging  a  little 
more  than  half  a  degree,  180  suns,  or  one  sun  magnified  that  number  of  times^ 
would  occupy  a  space  of  upwards  of  90".  This  may  serre  to  show  how  fieJlacioua 
ma^  be  the  judgment  of  our  sight  in  the  absence  of  any  known  object  of  com- 
pansoB. 
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his  plissnomena^  are  sucli  as  to  invite  our  most  attentiye  inquiry. 
To  this  inquiry  pecoliar  importance  has  been  given  of  late 
years  by  the  discovery  of  an  apparent  connection  between  the 
physical  changes  in  t^e  snn^s  sorface  and  the  electrical  condi- 
tion of  ike  earthy  as  shown  by  magnetic  variation ;  and  a  field 
has  thus  been  opened  for  the  most  remarkable  investigations. 
Such  researches  require^  indeed^  a  great  amount  of  perseveranoe. 
It  was  not  till  after  twelve  years  of  incessant  attention  that  the 
celebrated  G-erman  observer^    Schwabe^    succeeded  in   con- 
vincing himself  of  the  existence  of  that  periodicity  in  the 
development  of  spots  which  seems  to  stand  in  such  mysterious 
balance  with  the  electrical  state  of  the  earthy  and^  therefore^  in 
all  probability^  with  the  conditions  of  vegetable  and  animal 
existence.     His  investigations  were    subsequently  continued 
through  nineteen  subsequent  years^  and  in  all^  for  thirty  years^ 
as  the  President  of  the  Astronomical  Society  said^  in  present- 
ing to  him  their  ^Id  medal,  never  did  the  sun  exhibit  his 
disc  above  the  horizon  of  Dessau  without  being  confronted  by 
Schwabe^s  imperturbable  telescope,  and  that  appears  to  have 
happened  about  three  hundred  days  in  a  year.    Nor  was  that 
other  important  discovery  of  the  currents  by  which  the  spotB 
are  so  frequently  caused  to  drift  from  their  places  achieved  by 
our  own  observer,  Carrington,  without  a  great  expenditure  of 
time  and  patience.     On  the  other  hand,  the  student  who  is  dis- 
posed to  explore  this  region  of  mysteries  may  remember,  for  his 
comfort,  that  his  inquiries  will  be  trreatly  favoured  by  the 
nnmber'of  available  iLrs  Amng  whi,^  the^bject  is  in  Sght, 
as  contrasted  with  the  short  time  allowed  for  nocturnal  obser- 
vations without  encroaching  on  the  natural  season  of  rest,  and 
by  the  additional  chances  tibus  given  of  intervals  of  clear  sky, 
as  well  as  by  the  frequent  occurrence  of  very  distinct  visicm 
through  an  amount  of  haze  which  would,  in  the  case  of  less  lumin- 
ous bodies,  be  an  absolute  prohibition.  This  branch,  to6,  of  astro- 
nomical study  bears  a  favourable  comparison  with  some  others 
of  the  highest  interest — ^for  instance,  the  determination  of  the 
periods  of  binary  stars — in  the  inexpensiveness  of  the  necessary 
apparatus,  and  the  &ciHiy  of  observation,  while  a  great  stimulus 
to  its  prosecution  may  be  derived  from  the  opinion  of  so  great 
an  authority  as  Carrington.  Four  years  of  patient  investigation 
have  led  him  to  the  conclusion  that  ''our  knowledge  of  the 
sun's  action  is  but  fragmentary,  and  that  the  pubHcation  of 
speculations  on  the  nature  of  his  spots  would  be  a  very  pre- 
carious venture.'^    And,  in  referring  to  the  designs  of  Schmidt, 
he  says,  ''he  believes  that  no  observer  will  examine  these 
delineations  without  finding  many  characteristic  features  not 
satis£ftctorily  explained  by  any  existing  theory  of  the  origin  and 
formation  of  the  spots,  and  without  a  conviction  of  the  neces- 


294  Solar  Observation, 

sity  of  accumnlating  other  equally  excellent  series  for  the  future 
estia^blishment  of  correct  views  of  this  mysterious  phssnomenon." 
Amateurs^  again^  who  have  not  the  opportunity^  or  the  inclina- 
tion to  take  up  the  inquiry  in  a  regular  and  consecutive  manner, 
may  yet  find  it  most  interesting  as  an  occasional  pursuit.  No- 
thing, assuredly,  is  more  grand  than  the  telescopic  aspect  of 
that  huge  incandescent  globe ;  nothing  more  marvellous  than 
the  dark  gulfs  which  interrupt  the  continuity  of  its  blaze ;  no- 
thing more  surprising  than  their  rapid  and  almost  incessant 
transformation.  These  are  wonders,  indeed,  with  regard  to 
which,  as  in  the  instance  of  comets,  the  absence  of  analogy 
leads  us  almost  to  despair  of  any  adequate  explanation;  yet 
this  does  not  detract  from  the  curiosity  always  attendant  upon 
such  gigantic  displays  of  ever-active  energy;  and  at  the  pre- 
sent time  the  subject  receives  an  addition  of  interest  from  the 
discussion  which  has  been  carried  on  among  some  of  our  first 
observers,  as  to  the  exact  form  and  distribution  of  certain 
peculiarities  in  the  lumiDous  surface.  For  many  reasons,  there- 
fore, the  subject  is  one  with  which  amateurs  may  be  desirous 
of  becoming  practically  acquainted. 

The  study  is,  however,  not  to  be  entered  upon  without  due 
caution:  There  is  no  other  branch  of  astronomy  in  which  any 
evil  result  is  to  be  apprehended  for  a  sight  of  ordinary 
strength ;  but  the  sun  cannot,  of  course,  be  contemplated 
directly  through  the  telescope  without  the  risk  of  destruction 
to  the  eye ;  and  even  a  degree  of  protection  which  might  be 
deemed  adequate  by  an  inexperienced  beginner  may  prore 
insufficient  to  prevent  bad  consequences.  It  has  been  stated 
that  want  of  caution  in  this  respect  was  the  origin  of  Galileo's 
blindness,  and  that  Sir  W.  Herschel  injured  one  eye  from  the 
same  cause.  We  cannot  therefore  begin  our  remarks  more 
appropriately  than  by  giving  our  readers  some  hints  which  may 
enable  them  to  regard  this  ocean  of  flame  with  safety  and 
comfort. 

Few  persons  have  such  an  eagle  eyejks  to  be  able  to  fix  their 
sight  straight  upon  the  noon-day  sun ;  but  there  is  no  reason 
to  think  that  those  who  can  do  so  are  sufferers  from  it,  though 
even  in  this  case  a  lengthened  gaze  might  not  be  desirable. 
But  matters  are  very  different  as  it  regards  telescopic  vision. 
In  this,  there  is  not  only  a  great  concentration  of  intensity,  a 
large  proportion  of  the  rays  collected  by  the  object-glass  being 
poured  into  the  pupil  of  the  eye ;  but  an  enlargement  of  angle, 
by  which  the  mere  luminous  point  representing  the  sun  upon 
the  unaided  retina  is  expanded  into  a  broad  giBring  disc.  The 
im{)ression  of  excessive  light  alone  must  be  expected  to  be 
prejudicial  to  an  organ  not  originally  adapted  for  such  excite- 
ment ;  but  that  of  concentrated  heat  is  probably  still  more 
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injurious.  The  object-glass  of  a  telescope  is^  in  fact^  a  burn- 
ing-glass^ and  though  its  comparatively  long  focus^  from  the 
enlargement  of  the  image^  disqualifies  it  from  producing  the 
most  powerful  heating  effect  in  proportion  to  its  area^  yet  its 
energy  in  this  way  is  not  to  be  trifled  with.  A  remarkable 
instance  is  given  by  Secchi  of  the  activity  of  a  9^^  inch  ob- 
ject-glass in  the  pure  sky  of  Rome.  Without  any  further 
concentration  of  the  cone  of  rays  than  was  due  to  the  field 
lens  of  an  eye-piece^  a  piece  of  the  whitest  paper  exploded  in 
the  focus  instantaneously  like  gunpowder^  and  3  grammes 
(=  46*3  grains)  of  lead  were  melted  in  less  than  two  seconds. 
Various  schemes  have  been  devised  at  different  times  to  obviate 
the  danger  from  this  source.  The  most  natural  one^  that  of 
contracting  the  aperture  of  the  telescope  to  very  small  dimen- 
sions^ is  not  so  successful  as  might  perhaps  have  been  dxpected^ 
since^  for  reasons  which  involve  a  knowledge  of  mathematical 
optics^  the  focal  image  becomes  less  defined  in  proportion  to 
the  acuteness  of  the  ancle  at  which  the  intersection  of  the 
rays  takes  place.  Herschel  I.,  therefore,  in  older  times,  and 
Dawes  in  these,  not  to  mention  other  observers,  have  pro- 
nounced in  favour  of  using  the  largest  available  aperture ;  and 
the  latter  has  remarked  that  the  solar  phaanomena,  ^^  when 
carefully  scrutinized  with  large  apertures  and  high  powers 
under  suitable  atmospheric  circumstances,  are  so  wonderfully 
different  in  their  appearance  from  those  presented  by  the  dimi- 
nished apertures  formerly  and  necessarily  in  use,  that  it  would 
not  be  very  surprising  if  some  observers,  unaware  of  what  had 
previously  been  seen  and  described,  should  imagine  that  the 
phadnomena  revealed  by  their  newly  acquired  and  powerful 
telescopes  were  really  new  discoveries/'  The  excessive  and 
perilous  light  and  its  attendant  heat  must  therefore  be  all  ad- 
mitted first,  and  neutralized  afterwards,  as  best  we  can.  This 
could  not  be  well  done  by  interposing  any  screen  of  dark- 
coloured  glass  in  front  of  the  object-glass,  since  it  would  be 
difficult  to  find  a  sufficiently  homogeneous  piece  of  the  required 
diameter,  or  to  work  it  to  plane  and  parallel  surfaces  with  due 
correctness.*  It  has  commonly  been  introduced  behind  the 
eye-piece,  and  close  to  the  eye,  in  which  position  its  very  small 
dimensions  exempt  it  from  the  disadvantages  which  have  been 
mentioned ;  but  even  there  it  is  not  pleasant  in  use,  as  prevent- 
ing the  eye  from  coming  near  enough  to  command  the  whole 

*  I  haye  eomewhore  met  with  a  iuggestion,  but  do  not  now  recollect  where,  as 
to  the  confltmction  of  a  solar  telescope  by  employing  as  an  object-glass  a  single 
lens  of  deep-coloured  glass ;  this,  transmitting  only  rays  of  nearly  the  same  re- 
frangibility,  would  be  sufficiently  achromatic,  but  the  uncompensated  spherical 
aberration  would  render  radier  a  long  focus  desirable.  The  idea  is  ingenious,  and 
might  be  worth  a  trial. 
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of  the  field.  To  avoid  tfais^  the  late  Mr.  Lawson^  of  BaOi^ 
who  was  i^e  possessor  of  a  very  fine  7-inch  achromatic  by 
Dollond^  presented  by  him,  at  the  close  of  his  life,  to  the 
Greenwich  Naval  School,  introduced  the  screen  between  the 
object-glass  and  the  focas,  very  near  the  latter,  in  which  posi- 
tion, however,  it  frequently  was  cracked  by  the  heat.  Tfajs  is, 
indeed,  an  accident  to  which  these  glasses  are  often  liable. 
The  most  experienoed  of  solar  observers,  Schwabe,  speaks  of 
it,  though  in  his  case  the  screen  was  probably  placed,  as  usual, 
in  the  exterior  brass  cap ;  and  he  remarked  that  the  occurrence 
took  place  most  commonly  in  years,  such  as  18S3  and  1843, 
when  few  spots  were  visible.  In  some  measure  this  might 
certainly  be  due  to  the  lower  temperature  of  the  spots  them- 
selves— a  curious  fact,  which  has  been  tdOj  established  by 
Secchi;  but  should  their  relative  area  be  oonsidered  too 
small  to  produce  such  a  result,  it  would  tend  at  any  rate  to 
show  that,  contrary  to  the  opinion  of  Sir  W.  Herschel,  their 
development  was  concurrent  with  diminished  energy  in  the 
calorific  influence  of  the  sun. 

As  we  have  to  deal  with  heat  as  well  as  light,  it  is  by  no 
means  immateiiil  by  what  means  the  darkening  process  is 
^ected.  It  is  generally  known  that  the  rays  of  heat  are  dis- 
tinct from  those  of  light,  and  being  less  refirangible  than  the 
latter,  are  co-incident  for  the  most  part  with  the  red  end  of 
the  spectrum,  extending  even  considm^bly  beyond  its  ordinary 
limits.  Glass,  therefoie,  which  fireely  transmits  rays  of  that 
colour,  being  equally  permeable  by  the  rays  of  heat,  is  pecu- 
liarly ill  adapted  for  a  screen ;  its  firequant  employmeut  in  the 
solar  caps  of  the  older  telescopes  may  probably  have  beea 
owing  to  the  superior  readiness  with  which  it  could  be  procured, 
of  sufficient  depth,  transparency,  and  uniformity  of  tint;  but 
its  effect  was  distressing  to  the  eye.  Oreen  wotdd  be  £eur  pre- 
ferable,  as  intercepting  the  heat,  but  it  is  difficult  to  obtain  it 
of  a  tinge  sufficiently  powerful  to  subdue  the  excessive  light. 
Deep  yellow  has  also  been  used,  but  nothing  seems  preferable 
to  a  dark  bluish-grey,  or  neutral  tint,  which  gives  a  beantifiil 
and  comparatively  cool  image.  Combinations  of  colour  have 
been  found  very  effective.  Since  white  light  is  composed  of 
what  artists  call  the  three  primary  colours — red,  yellow,  and 
blue,  and  the  two  latter  form  green,  it  is  obvious  tiiat  a  combi- 
nation of  red  and  green,  provided  the  tints  were  carefully 
balanced  in  quality  and  intensity,  would  transmit  white  light, 
with  very  little  heat,  the  calorific  rays  being  intercepted  by  the 
green  glass ;  and  such  screens  are  said  to  be  very  pleasant. 
Sir  J.  Herschel  speaks  highly  of  cobalt  blue  (the  colour  of 
finger-glasses)  interposed  between  two  thicknesses  of  green, 
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and  purple  and  green  kave  been  used  bj  otiiers.*  From  tiie 
great  convenience  of  being  able  to  vary  its  intenBity  at  pleaanre ^ 
a  tiiin  wedge  of  coloured  glass  has  been  i^ecommended,  pre- 
Tented  from  acting  aa  a  prism  by  a  Bimikr  ^edge  of  plain  glass 
placed  in  contact  with  it  the  reyerse  way.  A  plain  glass  wedge 
between  two  tinted  ones  of  red  and  green,  each  of  half  the 
angle  of  the  colourless  one,  was  used  by  the  Astronomer  Boyal 
for  the  eclipse  in  1851.  Such  combinations  must,  of  course, 
be  made  to  slide  easily  across  the  eye-hole,  or  be  held  in  the 
hand  during  observation.  To  attain  the  object  of  variable 
intensity,  the  ancient  plan  of  smoking  a  piece  of  glass  succeeds 
as  well  as  &r  more  expensive  oontnvanoes ;  it  is  also  said  to 
intercept  heat  much  more  completely  than  its  hue  might  have 
led  us  to  expect ;  probably  in  consequence  of  the  absorptive 
power  of  the  carbon;  a  sHp  may  be  nioely  graduated  as  to 
depth  by  a  little  care  in  smoking,  but  will  require  to  be  pro- 
tected ^m  accident  by  another  piece  of  clear  glass  placed 
ever  it,  and  kept  &om  toudiing  it  by  interposed  bits  of  paper. 
In  the  preference  of  tint,  however,  another  consideration  must 
be  tak^i  into  account,  whidii  ought  to  influence  our  choioe  in 
delicate  observations.  There  is  reason  to  believe  that  some  of 
the  minuter  solar  details  possess  a  decided  colour,  which  would 
be  acted  upon  more  in  proportion  than  white  light,  by  a  screen 
of  such  a  hue  as  to  neutralize  their  own.  Delicate  veils  of  a 
ruddy  cast,  for  example,  such  as  have  been  noticed  by  Secchi, 
might  be  rendered  imperceptible  by  the  non-transmission  of 
their  light  through  green  glass,  or  even  a  combination  into 
which  it  entered;  while  the  general  clearness  of  the  rest  of 
the  image  would  give  no  intimation  Uiat  such  a  defalcation  had 
taken  pkce;  and  instances  are  on  record  where  the  remark- 
able phasnomeoa  of  a  great  solar  eclipse  have  been  consi- 
derably modified  from  this  cause.  It  would  therefore  be 
advisable,  whan  minute  features  are  to  be  carefully  scrutinized, 
to  be  prepared  with  glasses  of  various  tints. 

A  strong  reason  for  caution,  however,  when  ordinary  screen- 
glasses  are  employed,  exists  in  the  fact  that  diiSerent  telescopes 
seem  to  have  different  foci  for  heat.  Mr.  Beade,  in  one  in- 
stance, found  the  burning  effect  much  the  strongest  a  little  way 
short  of  the  solar  focus,  so  that  the  calorific  rays  diverged, 
while  those  of  light  emerged  parallel  from  the  eye-piece ;  and 
hence  he  recommended  an  eye-hole,  like  that  of  a  Gregorian 
reflector,  between  the  eye-lens  and  the  screen-glass,  to  inter- 
cept the  heat;  by  which  means  he  found  that  an  aperture  of 
six  inqhes  could  be  used  with  safety.     On  the  othw  hand,  a 

*  It  is  a  curioat  fact  that  this  mode  of  obBerrationirith  two  difFerently  stained 
glasses  was  antioipsted,  before  the  inyentioDL  of  the  teleeoope,  bj  Eabrioius,  in  the 
solar  eolipse  of  1590. 
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case  has  been  given  of  one  eye-piece  alone^  out  of  a  set,  pro- 
ducing such  a  focus  of  vehement  heat  just  at  the  front  of  the 
screen-glass,  as  partially  to  fuse  its  surface  in  two  minutes  with. 
only  three  inches  of  aperture.  A  closer  position  is  said  to  have 
saved  the  glass ;  and  we  must  hope,  without  injury  to  the  eye. 
Other  methods  of  subduing  the  heat  have  been  adopted 
with  success.  The  elder  Herschel  made  use  of  a  filtered  mix- 
ture of  ink  and  water,  enclosed  between  parallel  pieces  of  glass. 
The  late  Mr.  Cooper,  of  Markree  Castle,  Ireland,  found  tiat  & 
glass ''  drum ''  containing  alum-water  was  so  effectual  that  he 
could  employ  his  whole  aperture  of  13*3  inches,*  using  merely 
dark  spectacles  to  subdue  the  glare ;  while,  on  the  other  hand, 
during  the  great  eclipse  of  1851,  Lassell  found  that  the  free 
heat  of  only  2'65  inches,  with  a  focus  of  32'5  inches,  broke  the 
dark  glasses  "  with  most  alarming  rapidity/'  To  avoid  risk  of 
this  kmd,  he  used  the  wise  precaution  of  previously  exposing 
them  to  artificial  heat.  An  ingenious  helioscope,  in  part 
suggested  by  Sir  J.  Herschel,  but  improved  and  actually  con- 
structed by  Colonel  Porro,  in  Paris,  deserves  especial  mention* 
It  is  a  modification  of  the  Newtonian  telescope,  in  which  metallic 
specula  are  replaced  by  those  of  unsilvered  glass.  The  large 
concave  mirror  of  course  transmits  all  but  a  very  small  propor- 
tion of  the  incident  light ;  the  second  reflection  takes  place  at 
the  surface  of  a  small  plane  mirror,  or  "  flat,''  as  it  is  technically 
called,  which  stands  at  the  angle  of  complete  polarization  of 
light ;  while  a  third  reflection  is  produced  from  another  similar 
mirror  connected  with  the  eye-piece;  or  the  latter  may  be 
furnished  with  a  ''  Nicol  prism ;"  by  the  rotation  of  either  of 
which  arrangements  round  the  axis  of  the  cone  of  rays,  the 
light,  already  reduced  to  a  very  minute  fraction,t  may,  as  those 
who  are  acquainted  with  the  mysteries  of  polarization  will 
readily  perceive,  be  further  diminished  to  any  required  degree, 
and  the  employment  of  coloured  glasses  rendered  needless, 
even  with  considerable  apertures.  This  beautiful  device  has 
also  the  merit  of  great  comparative  cheapness,  but  the  disad- 
vantage of  being  nearly  useless  for  other  than  solar  observa- 
tions, and  we  have  no  sufficient  information  as  to  its  accuracy 
of  definition. 

*  This  great  instrument,  twenty-five  feet  in  focal  length,  was,  as  far  as  I  know, 
the  largest  specimen  of  the  workmanship  of  the  fVench  optician,  Oanchoix.  Ita 
purchase  bj  the  late  possessor  was  the  unintentional  means  of  increasing  the 
dimensions  of  the  great  achromatic  at  Poulkowa,  as  the  Gsar  Nicholas,  on  learning 
its  magnitude,  was  determined  not  to  be  outdone  in  a  private  observatory,  and 
altered  his  original  order  for  one  upon  a  larger  scale.  It  was  employed  at  Markree 
chiefly  in  the  formation  of  an  extensive  catalogue  of  itars,  and  was  recently  offered 
for  sale  in  consequence  of  the  proprietor's  death. 

t  This  and  similar  values  are  so  diflferently  stated  in  diiBTerent  places,  even  by 
high  authorities,  that  I  have  not  specified  them.  The  question  oi  the  amount  of 
light  reflected  at  various  angles  of  mcidence  seems  still  open  to  inquiry. 
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We  shall  postpone  to  another  opportunity  our  remarks  upon 
other  expedients  of  still  greater  practical  value. 

TRANSITS  OF  JUPITER'S  SATELLITES. 
As  the  opposition  of  Jupiter  takes  place  on  the  12th^  the 
shadows  of  tiiie  satellites  will  be  seen  during  the  month  in  close 
proximity  to  the  bodies  which  cast  them^  varying,  however,  of 
course,  in  this  respect,  fipom  perspective,  in  proportion  to  the 
distance  of  the  satellite  from  its  primary,  and  changing  sides  at 
the  time  of  opposition.  The  tnuisits  at  convenient  hours  will 
be  the  following : — ^May  1st.  Shadow  of  I.  passes  off  the  disc  at 
llh.  8m.,  followed  by  the  satellite  at  llh.  24m,  4th.  Shadow 
of  in.  enters  at  9h.  31m.,  III.  itself  at  lOh.  32m. ;  their  depar- 
tures being  at  llh.  40m.  and  12h.  15m.  respectively.  5th. 
Shadow  of  II.  goes  off  at  lOh.  35m. ;  the  satellite  at  lOh.  54m. 
8th.  Shadow  of  I.  enters  at  lOh.  50m. ;  I.  at  lOh.  57m. ;  the 
departures  being  at  13h.  2m.  and  13h.  7m.  12th.  II.  enters  at 
lOh.  53m.,  3s.  after  its  shadow,  and  leaves  at  13h.  9m.,  2s. 
before  it.  If  the  planet  were  precisely  in  opposition,  and  also 
in  its  node  (or  passage  across  the  ecliptic),  at  the  time  of  a 
transit,  the  shadow  would  of  course  be  invisible,  being  concealed 
by  the  body  of  the  satellite.  This  curious  coincidence  can  but 
seldom  occur,  but  there  will  be  an  approximation  to  it  on  the 
present  occasion,  as  the  planet  will  be  in  opposition  with  less 
than  57'  of  N.  latitude. 
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GEOLOGICAL  SOCIETY.— March  23. 

New  Fossils  feom  the  Lingula  Flags.— Mr.  J.W.  Salter  described 
two  new  genera  of  Trilobites,  and  a  new  genus  of  sponge  recently 
discovered  by  Mr.  Hicks  in  the  hitherto  scanty  fauna  of  the  Primor- 
dial zone.  He  also  remarked  that  the  fauna  of  the  Lingnla  flags 
shows  an  approximation,  in  some  of  its  genera,  to  Lower  Silurian 
forms,  and  some — the  Shells  and  a  Cystidean — are  of  genera  com- 
mon to  both  formations ;  but  the  Crustacea,  which  are  the  surest 
indices  of  the  age  of  Palaaozoic  rocks,  are  entirely  of  distinct  genera; 
and  their  evidence  quite  outweighs  that  of  the  other  fossils.  The 
Primordial  zone  is,  moreover,  in  Britain  separated  from  the  Caradoc 
and  Uandeilo  beds  by  the  whole  of  the  Tiemadoc  group,  which  are, 
at  least,  2000  feet  thick. 

April  13. 

The  Siliceous  Springs  in  the  Nevada  Teeritoey. — Mr.  W.  P. 
Blake  communicated  a  description  of  the  physical  features  of  this 
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devftied  semi-desert  region,  wfaiok  is  ccsaposed  of  a  series  of  kmgi- 
tudinal  moimtain  ranges  with  altematiag  yalleys  and  plains.  The 
most  abundant  rocks  are  those  belonging  to  the  Igneous  and  Meta- 
morphic  groups ;  but  Carboniferous  limestone  and  Tertiary  strata 
are  abo  found. 

The  siliceous  hot  springs  extend  for  some  considemble  distance 
along  a  line  of  fissure  in  a  granitic  rode,  parallel  to  the  mountain, 
ranges.  The  water  of  these  springs  deposits  silica  in  an  amor- 
phous and  also  in  a  granular  form,  sulphur  also  being  deposited  in. 
the  interstices  of  the  siliceous  deposit.  These  phenomena  are  into- 
resting  as  illustrating  the  mode  in  which  quarts  veins  are  produced 
in  fissures  in  other  rocks,  from  the  older  strata  to  the  more  Tecesat 
formations. 

Mr.  Blake  also  described  the  mineral  veins  of  the  district  there 
occiirring  in  porphyry.  They  yield  metallic  sulphurets,  including  those 
of  silver,  lead,  copper,  and  iron,  with  a  little  native  silver  and  gold, 
the  veinstone  being  a  friable  quartz.  The  general  direction  of  these 
veins  is  north  and  south,  and  the  amount  of  gold  yielded  by  them 
is  more  abundant  near  the  surface  than  at  greater  depths. 

The  Red  Bock  at  Hunstanton. — ^Mr.  Harry  Soeley  read  a  paper 
on  the  geological  characters  of  this  rock,  in  which  its  physical  strao- 
ture  was  firat  considered,  and  it  was  shown  to  be  divisiUe  into 
three  beds,  the  uppermost  of  which  is  of  a  much  lighter  colour  than 
the  rest,  the  middle  being  concretionary  in  structure,  and  the  lower 
sandy.  These  beds,  with  the  overlying  white  sponge-bed,  weore  con- 
sidered to  belong  to  one  formation,  and  were  termed  the  Hunstanton 
Bock ;  but  the  thin  band  of  red  chalk  some  distance  above  was  con- 
sidered, though  of  similar  colour,  to  be  quite  distinct,*  as  also  was 
the  Carstone  below.  The  author  considered  the  lower  part  of  the 
Garstone  to  be  of  the  age  of  the  Shanklin  Sands  ;  and  as  the  Chalk 
is  not  unconformable  to  the  Hunstanton  Bock,  he  concluded  that 
the  latter  could  not  be  the  Oault,  but  must  be  the  Upper  Greensand, 
— a  conclusion  which  he  afterwards  showed  was  supported  by  the 
evidence  of  the  fossils,  and  the  occurrence  of  phosphate  of  lime. 

The  seam  of  soapy  clay  which  separates  the  Hunstanton  Rock 
from  the  chalk  was  supposed  to  have  resulted  from  the  disintegra- 
tion of  a  portion  of  the  former,  the  red  colour  of  which  the  autiior 
endeavoured  to  show  was  due  to  Glauconite. 

The  upper  part  of  the  red  rock  of  Speeton  was  thought  to  be 
possibly  newer  than  that  of  Hunstanton,  and  perhaps  to  represent 
the  time  which  elapsed  between  the  formation  of  the  latter  and  that 
of  the  band  of  red  chalk. 


lilNNEAN  SOCIETY.— March  27. 

• 

On  the  Phenomena  op  Vaeiation  as  Illustrated  bt  the 
Malayan  Papilionidj:.  — Mr.  Wallace  read  a  paper  on  this  subject, 
in  which  he  stated  that  the  study  of  the  PapiHonidaB  of  the  Malayan 
Archipelago  was  likely  to  illustrate  the  disputed  subject  of  variation. 

*  An  analTiiB  of  this  remarkable  minenil  will  be  found  in  the  IXTZLUiOXCAL 
Obssbtxb,  toL  liL,  p.  300. 
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Mr.  Wallace  oonsidered  tbat  variation  was  bj  no  means  tlie  simple 
£BMst  that  it  has  generallj  been  regarded,  but  that  it  inclnded  the 
several  phenomena  of  simjAe  variabilitj,  of  the  existence  of  the 
same  species  in  two  or  more  forms,  viz.,  Dimorphism  or  Polymor- 
phism. Also,  what  may  be  termed  local  forms,  and  the  considera- 
tion of  sab-Bpedes  and  tme  species. 

Simple  variability,  in  which  tiiie  offspring  irregularly  and,  as  it 
were,  accidently  differ  from  their  parents,  is  of  the  same  nature  as 
that  so  characteristic  of  domestic  animals. 

Polymorphism  or  dimorphism  differs  from  simple  variability  in 
ihe  fact  that  the  variations  are  more  or  less  constant  or  regular, 
l^us,  in  the  PapiUo  Memnon  the  males  are  always  uniform  both 
in  form  and  colour,  being  bluish  black.  Some  of  the  females  re- 
semble the  males  in  shape,  but  are  ashy-brown  in  colour.  Others 
have  wings  with  spoon-shaped  tails,  and  marked  with  white.  Either 
of  these  females  wiU  produce  males  and  females  of  both  forms,  but 
it  is  remarkable  that  intermediate  forms  between  these  two  varieties 
of  females  never  occur. 

Similar  instances  of  polymorphism  among  the  females  occurs  in 
the  PapiUo  paimnon  and  P.  omientis. 

These  phenomena  of  polymorphism  may  be  illustrated  by  sup- 
posing an  island  inhabited  by  white  men,  with  black,  red,  and  yellow 
women,  and  that,  even  after  many  generations,  ihe  males  bom  were 
all  white,  and  the  females  indifferently  red,  yellow,  and  black,  irre- 
spective of  the  colours  of  their  female  parents.  In  many  cases  the 
^fference  between  the  polymorphic  forms  of  the  same  animal  is  so 
great  that  they  have  been  described  as  belongiug  to  distinct  species. 

The  inflnenoe  of  local  causes,  such  as  the  presence  or  absence  of 
particular  enemies,  tends  to  produce  that  remarkable  variation 
known  by  the  term  Mimetic  Analogy.  For  example,  the  butter- 
flies of  a  gronp  known  as  the  Danaide  have  a  peculiar  scent,  which 
renders  them  obnoxious  to  birds  of  prey,  hence  they  are  free  from 
persecution. 

If,  in  ihe  course  of  the  accidental  variati<ms  to  which  all  animals 
are  subject,  a  Papilio  resemble  a  Danais,  even  slightly,  in  form  and 
colour,  it  will  escape  persecution  more  than  if  it  had  remained  un- 
changed ;  and  each  succeeding  generation,  those  Papilios  most  like 
the  Danaidn  will  be  the  most  protected  and  the  most  likely  to  in- 
crease in  numbers.  This  process  wUl,  therefore,  gradually  but  cer- 
tainly prodnce  a  constantly  increasing  likeness  or  mimetio  analogy, 
until  at  last  one  insect  can  hardly  be  distinguished  from  the  other 
except  by  a  close  examination  of  the  straotoral  peculiarities. 


SOCIETT  OF  AB,T8.— April  13. 

New  Mbthod  of  Pbbsekving  Meat. — ^Dr.  J.  Morgan  read  a 
paper  on  a  new  method  of  preserving  meat.  According  to  this 
mode,  the  animals  to  be  killed  have  an  opening  made  in  the  chest, 
through  whi<^  the  heart  is  reached.  Incisions  are  then  made  into 
the  arterial  and  venous  sides  of  this  organ,  and  a  stream  of  water, 
the  force  of  which  is  obtained  by  its  flowing  from  an  elevated  cia- 
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tern,  is  allowed  to  pass  into  the  arteries,  thence  through  the  capil- 
laries, into  the  veins,  and  to  escape  by  means  of  the  orifice  in  the 
yenons  side  of  the  heart ;  in  this  manner  the  entire  blood  is  washed 
out  of  the  body,  after  which  a  solution  of  salt  and  sup^ar  is  injected 
as  a  preservative  liquid.  Similar  plans  were  the  subjects  of  patents 
taken  out  more  than  twenty  years  since,  and  were  not  found  to  suc- 
ceed in  practice.  The  theoretical  objections  appear  to  be,  firstly, 
that  by  washing  the  blood  out  of  the  capillaries,  the  nutritive  power 
of  the  meat  is  very  much  lessened ;  and  secondly,  that  the  preaerva* 
tive  effect  of  the  plan  proposed  is  very  doubtfiil.  The  antiseptic 
effect  of  salt  is  in  great  psurt  owing  to  its  power  of  abstracting 
water ;  this  is  not  possessed  by  brine.  It  was  stated  that  the  meat 
preserved  by  Dr.  Morgan's  process  was,  when  packed  in  barrels  for 
ship  use,  headed  on  with  a  great  amount  of  dry  salt ;  this  would 
have  the  same  effect  as  the  salt  used  in  the  ordinary  plan  of  salting, 
and  would  slowly  abstract  the  juice  of  the  flesh,  and  render  ih.e 
meat  as  dry  and  innutritious  as  the  ordinary  plan. 


EOTAL  INSTITUTION.— 4pn7 15. 

Eecent  Discove&ies  BESPEcrma  the  Properties  of  Quk-ootton. — 
Professor  Abel  delivered  a  most  interesting  lecture  on  the  prepara- 
tion and  properties  of  gun-cotfcon  ;  the  lecture  included  a  description 
of  those  recently  discovered  modifications,  dependent  on  mechanical 
aggregation,  wHch  have  enabled  gun-cotton  to  be  introduced  with 
success  in  warfare,  and  for  blasting  purposes. 

After  detailing  the  objections  to  gun-cotton  as  ordinarily  maan- 
factured,  objections  which  have  hitherto  precluded  its  use  in  actual 
service,  Prof.  Abel  explained  the  action  of  nitric  acid  on  cotton. 
He  showed  that  it  has  two  distinct  modes  of  operation.  If  the 
nitric  acid  be  permitted  to  act  at  a  high  temperature,  and  in  an 
energetic  manner,  the  carbon  and  hydrogen  of  the  cotton  may  be 
completely  oxidized.  When,  however,  the  action  is  moderate,  and 
the  temperature  kept  low,  the  hydrogen  only  is  assailed,  and  is  re- 
moved in  gradations,  peroxide  of  nitrogen  being  substituted  for  it. 
When  two  atoms  of  hydrogen  are  removed,  and  two  equivalents  of 
peroxide  of  nitrogen  substituted,  xyloidine  is  produced.  When 
three  atoms  of  each  are  interchanged,  trinitro-cellulose,  or  pure 
gun-cotton  is  the  result — 100  parts  of  cotton  losing  1*85  of  hydrogen, 
and  receiving  85*12  of  peroxide  of  nitrogen.  Latermediate  stages 
may  also  be  brought  about,  as  in  the  preparation  of  that  variety  of 
gon-cotton  used  in  the  formation  of  collodion. 

The  original  directions  of  the  discoverer,  Schonbein,  order 
the  nitric  acid  employed  to  be  mixed  with  strong  sulphuric  acid, 
but  from  want  of  the  requisite  precautions  in  the  manufacture,  the 
product  was  uncertain  in  properties,  sometimes  even  exploding 
spontaneously.  By  the  precautionary  measures  adopted  in  the 
Austrian  army,  these  uncertainties  have  been  obviated. 

The  cotton  loosely  spun  into  yam  is  boiled  in  a  weak  solution  of 
alkali,  in  order  to  remove  more  easily  oxidized  materials,  whose  pre- 
sence interferes  with  the  action  of  the  nitric  acid.  After  this  washing 
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the  cotton  yam  is  dried  in  a  cenirifxigal  drying  machine,  and  im- 
mersed in  a  mixture  of  one  part  of  nitric  acid  (specific  gravity 
1*5),*  and  three  parts  of  snlphuric  acid.  Contrary  to  the  original 
directions  of  Schonbein,  it  is  allowed  to  remain  immersed  for  forty- 
eight  honrs,  so  as  to  secure  uniformity  of  result.  During  this 
action  great  care  is  taken  to  prevent  the  temperature  rising.  The 
cotton  IS  then  washed  in  a  stream  of  water  for  a  period  of  time  vary- 
ing from  one  to  three  weeks,  and  is  subsequently  dried  in  the  open 
air ;  during  this  stage  of  the  manufacture,  some  experiments  have 
been  tried  as  to  the  effect  of  steeping  it  in  a  solution  of  soluble 
silica  prepared  by  dialysis,  apparency  with  satisfactory  results. 

The  properties  of  gun-coiton  as  prepared  by  the  Austrian  process 
appear  to  be  very  uiuform  and  certein.  When  loosely  arranged  it 
inflames  at  a  temperature  of  about  800''  Fahrenheit,  burning  without 
smoke,  and  without  leaving  any  ash.  Its  rapidity  of  ignition  is  so 
great  that  it  does  not  ignite  gunpowder  when  laid  on  its  surface 
and  exploded.  By  pressing  a  thin  edge,  as  that  of  a  stout  card,  on 
the  centre  of  a  tufb,  one  portion  may  be  ignited  without  the  flame 
communicating  to  the  other.  When  gun-cotton  is  twisted  into  a 
yam,  its  rapidity  of  combustion  is  perceptibly  diminished  ;  by  vary- 
ing the  degree  and  tightness  of  the  twist,  the  exact  rate  of  burn- 
ing required  for  diflerent  purposes  can  be  secured,  from  the  explosive 
violence  necessary  to  propel  balld  from  cannon  to  the  slow  combustion 
desirable  in  a  mining  ^e.  An  explosive  gun-cotton  resolves  itself 
into  gases,  which  are  themselves  combustible  in  air,  consequently 
when  a  flask  of  gun-cotton  is  burnt  in  an  open  glass  vessel,  a  secon- 
dary flame  is  seen,  caused  by  their  combustion. 

Although  the  combustion  of  gun-cotton  does  not  depend  on 
atmospheric  oxygen,  its  mode  of  burning  is  remarkably  aflected  by 
the  character  of  the  gases  in  which  it  is  burnt ;  thujs  in  carbonic 
acid  it  bums  with  a  feeble  flame ;  in  hydrogen,  with  one  still 
feebler ;  in  a  receiver  exhausted  to  a  vacuum  of  3  inches,  it  burns 
with  a  very  slow  combustion  without  light.  The  conditions 
requisite  to  the  rapid  burning  of  gun-cotton  are,  that  the  gases 
produced  by  the  combustion  should  communicate  sufficient  heat  to 
the  adjacent  portions  to  carry  on  the  combustion.  Hence,  in  gases 
like  hydrogen  and  coal-gas,  whose  conducting  power  is  very  great, 
the  heat  produced  is  carried  away  so  rapidly  that  the  cotton  almost 
refuses  to  bum. 

By  heating  a  twisted  yam  of  gun-cotton  gently,  a  very  slow 
combustion  may  be  produced,  or  the  same  efiect  may  be  caused  by 
blowing  a  current  of  air  on  a  yam  in  rapid  combustion.  The  ease 
with  which  diflerent  rates  of  these  combustions  may  be  alternated 
was  very  strikingly  demonstrated  by  Prof.  Abel,  who,  after  produc- 
ing the  slow  rate  of  burning  in  a  horizontal  yam,  caused  the  com- 
bustion to  become  instantaneous  by  raising  it  to  the  perpendicular 
position,  with  the  inflamed  part  dependent.  Also,  after  having 
produced  rapid  combustion  in  one  end  of  a  long  yam,  he  changed 
it  into  the  slow  combustion  by  blowing  the  flame  away  from  the 
unconsumed  cotton,  and  back  again  to  the  rapid  burning  by  blowing 
the  current  in  the  opposite  direction. 
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BCULFVU2M    GW    THB  BeDTDERB  FlBIOD  DT  CXBTBAL  FbIICCB.— Mem. 

Lartet  and  Chrifltj  hare  laid  before  the  Frenoh  Academy  an  account  of  their 
diflcoTeries  in  the  grotto  of  Eyziea,  in  the  Arrondissement  of  Sorlat  (part  of  ancient 
Perifford).  Thej  found  bones,  dnders,  wrought  flintB,  and  implements  of  rein- 
deer horn.  Thej  likewise  came  upon  nimieroue  firagments  of  a  hard  sdustose 
rock,  and  on  two  ilabe  of  the  same  material  were  profile  engrayinge  giring  partial 
representatiosa  of  animak.  Thej  belieTe  these  to  be  the  £st  examples  that  haye 
been  obtained  of  this  kind  of  art  as  practised  hj  the  men  who  were  contemporazj 
with  the  reindeer  in  France,  and  oUier  temperate  r^ions  of  Europe.  At  Laa- 
gerie  Basse  they  discoTered  another  manumctory  of  anns  and  imfJements  of 
reindeer  horn,  some  of  them  ornamented  with  <*  elegant  sculpture,  and  of  work- 
manship quite  astonishing,  when  the  means  of  execution  possessed  by  a  people 
who  had  no  metal  tools  is  taken  into  eonsideratioiL  At  EyiieB  they  likewise 
found  a  bone  whistle  similar  to  one  from  Aurignac.  Some  of  the  bone  imple- 
ments from  Langerie  Basse  were  not  merely  engrared,  but  sculptured  in  relieC 
One  represented  a  horse's  head,  and  in  ano&er  instance  the  handle  of  a  weapon 
was  oarred  into  the  representation  of  an  entire  animaL  M.  Yibrage  adds  dirers 
reasons  for  beliering  in  the  antiquity  of  the  human  race ;  and  after  speaking  of 
the  weapon  handle  just  mentioned,  states  that  these  early  sculptors  likewise 
reproduced  the  human  form  in  the  shape  of  an  indecent  idol,  the  materials  for 
which  seem  to  hare  been  taken  from  the  elephant." 

CoMSionas  <a  Fbootoit.— Mr.  Bird,  whose  success  in  constructing  silrered 
glass  telescopes  has  been  described  in  a  tonmer  number,  states,  in  the  Astronomical 
Megifter^  that  he  has  succeeded  with  his  12-inch  instnunent  in  resolving  one  little 
star  in  the  same  low-power  field  with  Prooyon  into  two*  stars  9.5  and  9.8  magni- 
tude. Mr.  Knott  has^  also  seen  them  with  his  fine  refractor,  and  estimates  their 
engleof  positum  at  about  200°. 

CoHHOir  Obi&ik  of  Ookbts  IY.  akd  V.  1863. —M.  B.  Yak  communicatee  to 
tbe  SVench  Academy  his  obserrations  on  these  two  c(nnets.  He  shows  that 
**  their  inclinations  differ  only  4",  and  their  nodes  only  T.  The  angle  comprised 
between  the  planes  of  their  orbits  is  9**,  and  they  arrive  at  the  point  of  approxi- 
mation of  their  orbits  with  equal  yelooities,  and  five  days'  interval.  He  remarks 
that  in  1846  the  comet  of  6)  years  was  seen  to'  separate  slowly  in  two  parts,  and 
their  inclinations,  orbits,  nodes,  and  velocities  experienced  little  alteration.  In 
like  manner  he  thinks  comets  iv.  and  v.,  1868,  may  have  had  a  common  origin. 

EiiBBAliair  GS  iBOir  Gibdihus.— The  ProeeedifigMofthe  Moyal  Sooiefyf  Ko.  61, 
contains  a  paper  by  Mr.  Fairbaim  on  iron  girders^  in  which  numerous  experi- 
ments  are  adduced.  Hie  conclusions  arrived  at  are  that  "  wrought  iron  girders  of 
ordinary  construction  are  not  safe  when  submitted  to  violent  disturbances 
equivalent  to  one-third  of  the  weight  that  would  break  them.  They,  however, 
exhibit  wonderfril  tenacity  when  subjected  to  the  same  treatment  with  one-fourth 
the  load ;  and  assuming,  therefore,  that  an  iron  girder  bridge  will  bear  with 
this  load  12,000,000  changes,  it  is  clear  that  it  would  require  828  years,  at  the 
rate  of  100  changes  a  day,  before  its  security  was  affected.  It  would,  however, 
be  dangerous  to  risk  a  load  of  one-third  the  breaking  weigbt  upon  bridges  of 
this  description,  as,  according  to  an  experiment  cited,  the  beam  broke  with 
313,000 ;  or  a  period  of  eight  years,  at  the  same  rate  as  before,  would  be  suf- 
ficient to  break  it."  Mr.  Eairbaim  considers,  however,  that  the  beam  had  been 
injured  by  3,000,000  previous  changes,  producing  a  gradual  deterioration. 

Yabiatioits  in  DirvLV&UJr  BHizopoBfl.—Br.  Wallidi  has  an  elaborate 
paper  in  the  Annals  of  Natural  Mittoryy  illustrated  by  very  numerous  draw- 
mgs,  showing  varieties  of  structure  in  the  tests  of  these  creaturesb  His  condosioB 
is  that  the  "  animal  does  not  vaiy,  but  it  modifies  the  architecture  of  its  habita- 
tion, and  the  mineral  material  of  which  that  habitation  is  in  a  great  measure  con- 
structed, in  obedience  to  local  conditions,  and  in  the  manner  best  fitted  to  meet 
its  requirements."    A  **  species"  of  difflngia  will,  therefore,  only  be  a  variety, 
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capable  of  repetifcian  imdor  the  yery  ciroumstaiiees  that  determined  the  peooliarity 
of  itshabiftatioiL 

The  Willow  Leatm,  ob  Bicb  0saikb,  oir  thx  Sinr.— In  that  neelol 
joumal  of  interoommnnieation  between  astronomert,  the  AMtronomietd  Begisier 
tor  March,  is  a  letter  from  Mr.  Nasmyth,  containing  hie  original  paper  on  the 
'willow  leaf  shaped  objects  on  the  snn,  the  existence  of  which,  except  as  rarities, 
has  been  doubted  by  some  other  able  observers.  Mr.  Nasmyth  says  a  telescope 
of  very  considerable  power  and  defining  capacity  is  necessary.  Mr.  Dawes  has 
seen  the  mottled  aspect  of  the  solar  surface  with  a  2i'inch  glass,  and  a  power  of  60. 
He  flndS)  with  a  6  or  8-ineh  telescope,  and  high  powers,  that  the  surface  is 
chiefly  composed  of  luminous  masses  of  all  shapes,  imperfectly  separated  by  rows 
of  da^er  spots.  Anything  like  Mr.  Naemyth's  willow  leares  he  finds  yery  rare, 
and  only  found  in  the  yicinity  of  large  spots  in  their  penumbra.  Mr.  Nasmyth,  in 
the  letter  alluded  to,  says  they  are  scattered  oyer  the  surface,  and  lie  in  all 
imaginable  directions.  He  says  he  considers  the  penumbra  to  be  a  true  secon- 
dary stratum  of  the  luminous  enyelope  reyealed  by  the  partial  remoyal  of  the 
enter  and  hmdnous  enyelope.  When  a  solar  spot  is  mending  up,  he  sees  the 
willow  leaves  bridging  it  across.  Mr.  Dawes  sees  the  spots  under  such  circum- 
stances-bridged oyer  by  luminous  masses  like  stray  straws  firam  a  plat.  Since 
the  subject  was  discussed  at  the  Astronomical  Society  some  weeks  ago,  the  oljects 
in  question  have  been  seen  at  Gbeenwich  with  the  great  equatoiial  and  a  smaller 
instrument,  the  result  being  the  confirmation  of  Mr.  Nasmyth^s  statement,  with  a 
slight  medication.  The  mottled  appearance  of  the  sun  is  now  afllrmed  to  be 
produced  by  a  multitude  of  bodies  lin  riceffrmns,  rather  than  willow  leaves. 

Kew  AiTiBSTHXTios. — ^Dr.  Georges  has  addressed  a  note  to  the  !French 
Academy  detaiUog  various  experiments.  He  states  that  purified  keresolene,  ob- 
tained from  petroleum  oil,  is  a  good  anesthetic,  but  requires  the  aid  of  heat. 
Brom-hydric  ether  he  especially  recommends  as  safer  than  choloroform,  not 
easily  inflamed,  and  having  an  exquisite  odour. 

HsABiKa  OF  Cbustaoxa.  — M.  Hensen  has  a  piper  on  the  auditory  organ 
of  the  Deoopods  in  the^ZeU.  fitr  wits.  Zoologies  xiiu,  1863,  an  account  of  which 
will  be  found  in  the  Archivei  deg  ScieHceB,  No.  74.  To  show  that  these  crea- 
tures are  quick  of  hearing,  he  placed  prawns,  or  shrimps,  in  a  vessel  of  sea 
water,  containing  strychnine,  which  augments  the  reflex  power  of  nervous  centres. 
A  slight  noise  then  caused  the  animals  to  bound  away.  He  states  that  difierent 
sounds  cause  different  hairs,  which  are  connected  with  the  auditory  cavity,  to 
vibrate.  A  particular  note  will  make  one  hair  vibrate,  while  its  neighbours 
remain  quiet. 

PBOSXTonoir  ov  Ozone  bt  AarrATioir  ov  Aib. — M.  C.  Sainspierre  informs 
the  French  Academy  that  he  has  ascertained  that  ozone  is  developed  by  the  me- 
chanical action  of  blowing  machines  and  ventilators  producing  strong  currents. 
This  fiict  may  in  part  account  for  the  healthy  action  of  winds,  and  should  be 
viewed  in  connection  with  Mr.  £.  J.  Lowe's  paper  in  our  last  number. 

OwEAXBisa  Palitss  ov  Mollxtsoa. — Mr.  T.  W.  Wonfor  obligingly  sends 
the  following : — **  J£  you  have  not  heard  from  any  other  source  of  a  simpler 
method  of  obtaining  the  palates  of  moUusca  than  that  mentioned  in  the  Bev. 
E.  Bowe's  paper,  I  would  call  your  attention  to  a  plan  suggested  by  Mr. 
Hennah.  I  have  tried  it,  and  found  it  very  simple  and  success&l.  It  is  to  boil 
the  head  of  the  mollusk  in  liquor  potass®  in  a  test  tube,  by  which  means  all  parts^ 
with  the  exception  of  the  palate,  are  destroyed.  The  palate  may  now  be  taken 
out,  washed  in  distilled  water,  and  mounted.  Those  who  have  tried  the  dissec- 
tion of  minute  mollusca  will  find  this  a  saving  of  time  and  patience.  It  ia 
better  to  boil  the  potasssD  in  a  hot-water  bath." 

SBxnro  Ybnvs  as  a  Cbesobitt. — The  recorded  instances  of  this  planet  having 
heen  seen  as  a  crescent  with  the  naked  eye  are  very  few,  and  the  following  extract 
from  Theodore  Parker^s  journal  adds  an  interesting  case  to  the  brief  list : — "  When 
twelve  years  old  I  once  saw  the  crescent  form  of  Venus  with  my  naked  eye.  It 
amazed  me.  Nobody  else  could  see  it ;  father  was  not  at  home.  Nobody  koew 
that  the  planets  exhibit  this  form.    So  I  hunted  after  a  book  on  astronomy,  and 
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got  it  from  the  schoolmaster,  and  fomid  out  the  fact  and  its  reason."  This 
was  at  Lexington,  U.S.  It  is  prohahle  that  if  persons  with  keen  sight  would 
watch  their  opportunities  in  exoeptionallj  stUl  and  dear  states  of  the  air,  the 
crescent  of  Venus  might  he  more  frequently  seen.  The  minuteness  of  the  ohjeot 
may  not  be  so  great  a  difficulty  as  the  orainaiy  tendency  of  the  atmosphere  to 
blur  definition. 

Tub  80th  Plakbt. — ^This  little  object  has  been  named  Sappho  by  its  dis- 
corerer,  Mr.  Fogson,  of  the  Madras  Observatory. 

A  Strange  Sub&ioax  Accidsft. — Cosmos  quotes  from  V  Union  M^diealetk 
strange  story  of  an  accident,  resulting  in  the  death  of  a  woman  sixty-three  yean  of 
age,  who  was  under  M.  Gudrin,  at  the  Hdpital  St.'  Louis.  The  patient  suffered 
from  luxation  of  the  shoulder  of  three  months'  duration.  She  wu  placed  under 
chloroform,  and  force  steadily  applied  by  four  assistants,  who  worked  some 
machinery  (les  lacs  contra-extensew,  and  extenseur),  the  predse  nature  of  which 
is  not  explained.  All  of  a  sudden  a  dull  sound  was  heud,  and  the  poor  woman's 
arm  snapped  off  at  the  elbow.  On  examination  it  was  found  that  the  bones, 
musdes,  and  tissues  possessed  very  little  cohesion. 

FuvT  Implbmxnts  fbox  Stbia. — ^The  Due  de  Luynes,  accompanied  by  M. 
Louis  Lartet,  has  obtained  numerous  flint  implements,  accompanied  by  the  bones 
of  herbivorous  animals,  from  the  cayems  on  the  riyer  Lycus,  in  Syria. 

EE€Uin>lTr  IK  Cuba. — M.  Bamon  de  la  Sagra  communicates  to  the  French 
Academy  illustrations  of  the  enormous  families  resulting  from  marriages  in  Cuba. 
In  Trinidad,  with  a  population  of  14,463,  ten  couples  had  18  children,  one  couple 
24,  two  21,  one  18,  one  16,  and  two  16.  In  St.  Espiritu,  with  12,850  population, 
fifteen  marriages  resulted  in  offspring  to  the  extent  of  from  13  to  26  children, 
while  in  Yilla^Clara,  with  10,511  population,  twelve  happy  pairs  had  produced 
147  young  ones.  Many  Cuban  children  become  mothers  at  thirteen,  and  reappear 
in  that  character  up  to  the  age  of  fifty.  M.  de  la  Sagra  compliments  the  Onbaa 
ladies  upon  their  extreme  amiability,  and  fitness  for  all  the  duties  of  maternity  ; 
but,  we  fear,  inquiry  would  show  that  there  is  yery  little  intelligence  among  them, 
and  that  they  lead  the  liyes  of  well-fed,  contented  animals. 

Labval  Bepbodttotzon  dt  IN8ECT8. — SU^old  and  K6lUkef^s  Zeitsckrift^  for 
1863,  relates  a  curious  discovery  by  Professor  N.  Wagner  of  some  worm-like 
insect  larysD  filled  with  smaller  larys  of  the  same  kind.  Except  in  the  remarkable 
fact  that  the  mothers  are  themselves  only  larva,  these  instances  resemble  the 
asexual  reproduction  of  the  aphides.  The  larv89  were  obtained  from  under  the 
bark  of  elms  in  Easan,  and  appear  to  belong  to  some  species  of  «diptera.  The 
Archives  des  Sciences  remarks,  **That  amongst  the  asexual  plant-lice  the  psendota^ 
or  false  eggs,  are  found  in  an  organ  which  is  the  homologue  of  the  oyary  in  the 
sexual  individuals ;  whilst  in  the  apodal  larvsD  obseryed  by  M.  Wagner  the  peeudova 
are  formed  in  the  fatty  body.  This  organ  divides  (itself  into  a  certain  number  of 
lobes,  which  surround  each  one  with  a  spedal  membrane.*' 

Ozoirs  Ain>  Airrozoins. — ^The  Archioes  des  Sciences  for  March  oontaioB  an  in* 
teresting  account  of  the  yiews  of  Clausius  on  oxygen.  He  considers  that  ordinary 
oxygen  consists  in  atoms  imited  two  and  two,  and  actiye  oxygen  in  single,  or  dis- 
united atomi.  The  two  atoms  which  constitute  a  molecule  of  ordinary  oxygen  he 
regards  in  opposite  electric  states.  Beferring  to  M.  Soret*s  opinions,  M.  CUusiua 
olMerves  that  they  coincide  with  his  own,  as  his  reasoning  is  not  affected  by  the 
supposition  that  ozone  is  formed  of  elementary  atoms  not  united  in  pairs,  which 
may  combine  with  molecules  of  non-decomposed  oxygen  aa  soon  as  they  become 
free. 
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THE  INTELLECTUAL  OBSERVEll. 


JUNE,     1864. 


THE  CADDIS-WORM  AND  ITS  HOUSES. 

BT   ELIZABETH  HASY   SHEE. 
{With  a  Coloured  Plate.) 

Amongst  the  vast  world  of  animal  life  which  abounds  in  such 
profusion  in  the  rivers  and  ponds  of  Great  Britain,  there  are 
few  creatures  perhaps  which  will  be  found  more  interesting  for 
observation  than  those  insects  which  dwell  at  the  bottom  of 
the  water  whilst  they  exist  in  the  imperfect  or  larva  state. 
There  are  some  of  them  which  are  doubly  curious  from  their 
inhabiting  houses  of  their  own  construction,  and  in  which  they 
may  be  seen  walking  about  at  the  bottom  of  ponds  or  rivers. 

At  first  sight  it  might  seem  highly  improbable  that  larvas 
of  any  sort  of  insect  should  have  the  faculty  of  building  houses 
wherein  to  dwell,  but  nevertheless  it  is  perfectly  true  that 
there  are  some  which  have  that  power  given  to  them,  and  so 
well  is  it  employed,  that  often  very  beautiful  houses  are  the 
results  of  their  labour. 

The  larvae  which  form  the  subject  of  this  memoir,  belong 
to  insects  of  the  same  order  as  the  dragon  flies,  namely,  the 
Netiroptera,*  and  to  the  family  Phryganeidffl.  Thej  are  more 
commonly  known  as  caddis-worms. 

The  bodies  of  these  so-called  caddis-worms  are,  with  the 
exception  of  their  head,  very  soft ;  in  fact,  exactly  resembling 
ordinary  meal-worms.  They  are  possessed  of  six  feet,  whose 
uses,  as  will  be  presently  seen,  are  employed  in  more  ways 
than  that  of  merely  conveying  them  from  one  locality  to 
another.  They  have  also  very  strong  jaws  or  mandibles,  and 
short  antennaB,  or  feelers.  At  the  end  of  the  last  segment  or 
telum  is  situated  two  little  hooks,  which  are  curved  or 
sharply  pointed.  These  little  hooks  are  strong,  and  are  the 
chief  weapons  the  larvas  employ  in  guarding  their  houses  for 
their  own  use,  for  by  them  they  are  enabled  to  fasten  them- 

*  In  Weftwood's  lHirodtU!thnth.ej  are  placed  under  the  order  Xrichoptera. — Ed. 
VOL.  V. — NO.  V.  T 


308  Tlie  Caddis-Warm  and  its  Souses. 

selves  in  their  houses^  and  thns  resist  the  attacks  of  any 
enemy  who  may  endeavour  to  pull  them  forcibly  out  of  their 
abodes. 

These  cases  or  houses^  which  the  caddis  so  tenaciously 
guards^  are  made  of  different  materials^  depending  upon 
the  locality  in  which  it  lives^  and  also  the  kind  of  sab- 
stances  it  ia  able  to  procure.  For  instance,  if  the  caddis 
inhabits  still  waters^  such  as  ponds  where  water  plants  abound^ 
or  gently  running  streams^  it  will  often  use  the  leaves  of  those 
plants^  and  with  them  most  ingeniously  make  for  itself  most 
comfortable  and  beautiful  houses.  The  leaves  are  in  this  case 
arranged  in  such  a  manner  that  it  would  seem  that  not  only 
comfort  but  also  beauty  of  structure  is  considered.  It  is  quite 
a  curious  sight  to  see  these  creatures  walking  about  at  the 
bottom  of  the  water  encased  in  these  green  portable  houses^  to 
which  are  usually  attached  a  piece  of  stick  or  a  stone  to  pre- 
vent the  caddises  and  their  dwellings  &om  rising  to  the  surface. 
Sometimes  half  a  dozen  may  be  seen  at  one  time^  and  in  each 
there  is  a  slight  difference  of  construction^  according  to  the 
taste  and  convenience  of  the  worms.  It  diould  be  perhaps 
here  added^  that  afber  the  house  is  completed  the  head  and  l^p 
of  the  larva  are  the  only  part  which  is  visible^  the  rest  of  the 
body  being  always  kept  encased  in  its  domicile.  But  these 
green  houses  are  not  the  only  kinds  which  aare  found  in  still 
waters.  Other  kinds  may  be  seen  which  are  made  of  vexy  small 
stones^  almost  as  fine  as  sand^  and  there  are  others  again 
which  are  made  up  entirely  of  sticks^  their  length  and  sixe 
vaiying  much. 

In  rapid  streams^  as  cases  made  from  leaves  of  water  plants^ 
and  stones^  so  small  as  those  just  mentioned^  would  be  speedily 
swept  away  by  the  current^  we  find  that  they  are  built  of 
more  solid  and  heavier  kinds  of  materials.  In  such  streams^ 
if  made  of  stones^  the  caddis  cases  are  much  larger  and 
heavier. 

One  of  the  most  curious  of  all  the  different  kinds  of  houses 
or  cases  are  those  which  are  entirely  made  of  shells  of  creatures 
inhabiting  the  same  stream  as  the  caddis-worms.  These  cases 
are  frequently  found  to  be  constructed  of  shells  of  the  Planorbis^ 
a  smaU  snail^  arranged  in  a  most  grotesque  manner.  Frequently 
the  creatures  are  aUve  in  these  shells  employed  by  the  caddis 
in  making  its  house^  and  then  when  it  walks  about  it  carries 
the  shelled  animal^  very  much  to  the  discomfort  of  the  latter. 

Such  are  the  most  frequent  kind  of  caddis  cases  which  are 
found  in  the  rivers  and  ponds  of  Great  Britain.  But  it  by  no 
means  follows  that  the  caddises  are  incapable  of  making  Uiem 
from  other  kinds  of  materials  than  those  found  in  the  water 
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where  ihey  lire.  Indeed^  they  are  able  to  employ  yarioua 
substances^  altbovtglL  their  capabilities  for  building  are  limited 
to  a  certain  extent  in  regard  to  the  material  and  its  form. 
This  was  found  by  myself^. from  experiments  tried  with  the 
creatures  themselves.  Haying  felt  extremely  interested  in 
watching  these  caddises  waU^g  about  with  their  differently 
constructed  houses  at  the  bottom  of  the  water^  I  felt  an  intense 
desire  to  find  out  everything  about  them. 

It  was  noticed  that  when  the  caddis  was  tamed  out  of  its 
case  and  placed  in  a  small  vessel  of  water  containing  tiie 
materials  with  which  it  was,  wished  to  form  another^  the  larva 
would  construct  for  itself  a  new  house  from  those  materials, 
provided  they  were  within  the  limits  of  its  capabilities. 

As  soon  as  the  caddis-worms  find  themselves  denuded  oi 
their  houses^  they  commence  forthwith  with  the  materials  that 
may  be  given  to  them^  and  build  new  ones^  never  stopping 
until  the  greater  part  of  their  bodies  are  encased. 

Coloured  glass^  when  broken  up  into  small  pieces^  mekkes  an 
extremely  pretty  case.  The  colours  may  be  either  sorted  or 
mixed^  for  in  either  way  the  case  is  extremely  pretty.  With 
broken  pieces  of  glass  the  caddis  builds  very  rapidly.  In 
fact^  I  generally  found  that  oases  made  from  that  material 
were  constructed  more  quickly  than  when  the  worm  was  snp~ 
plied  with  other  substances.  Why  this  was  so  I  do  not  know  ; 
however^  glass  is  particularly  adapted  for  the  caddis  to  build 
with.  If  a  case  of  a  better  sort  of  material  than  glass  be 
desired^  it  will  be  found  that  amethyst  or  cairngorm  will 
answer  the  purpose  well.  But  although  the  caddises  are  able 
to  construct  from  either  of  these  sorts  of  stones*,  yet  I  used  to 
observe  that  when  given  to  them  the  houses  were  always  much 
slower  in  their  construction. 

Cornelian^  agates^  and  onyx  are  all  cspable  of  being  adapted 
for  cases^  and  look  exceedingly  well  when  finished^  especnally 
if  used  separately.  A  coral  house  makes  a  very  grand-looking 
abode  for  a  caddis^  but  as  it  is  heavy^  care  should  be  taken 
that  the  pieces  be  selected  from  the  most  slender  and  thinnest 
part  of  a  sprig  of  coral.  Pieces  of  marble  broken  up  into 
tiny  fragments  can  be  successfully  employed  by  the  caddis. 
SheUs^  mother-of-pearl^  when  broken  into  small  pieceSj  or 
small  shells  entire^  are  very  quickly  made  into  suitable  dwell- 
ings by  caddises. 

I  have  had  cases  made  from  brass  shavings^  and  also  from 
gold  and  silver  leaf.  With  the  two  last-named  materials  the 
worms  experienced  considerable  difficnUy,  for  they  are  unable 
to  take  up  portions  separately  of  gold  and  silver  leaf,  and  they 
are  obliged  to  roll  themsdves  up  in  it  in  an  izregular  way. 
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Another  material  capable  of  being  made  into  a  caddis  case 
is  coralline.  This  substance  forms  a  very  curious  dwelling. 
I  bad  some  constructed  Ax)m  pieces  of  a  kind  of  coralline 
when  dead^  or  rather  when  only  the  skeleton  remained  of  it. 
These  pieces  of  this  dead  or  skeleton  coralline  are  blanched, 
and  are  put  together  in  such  a  manner  that  the  case  has  an 
appearance  as  if  it  had  been  the  work  of  a  basket  maker, 
instead  of  that  of  a  larva. 

But  perhaps  a  more  singular-looking  case  than  even  these 
wicker-work  ones  are  those  which  are  made  from  pieces  of 
tortoiseshell^  such  as  fragments  of  .the  teeth  of  a  tortoisesheU 
comb.  If  these  be  given  to  a  worm,  it  will  be  seen  that  it  will 
arrange  them  crossways.  In  doing  so  it  will  make  its  house 
slightly  resemble  a  hedgehog  whose  bristles  are  erected.  It 
seems  astonishing  that  there  is  such  a  variety  of  form  in  the 
appearances  of  these  different  caddis  cases.  For  what  can  be 
more  unlike  each  other  than  cases  made  from  fragments  of  the 
teeth  of  a  comb,  and  that  from  the  pieces  of  skeleton  coraUine  ? 
What  also  is  more  extraordinary,  is,  that  the  same  worm  which 
can  build  the  basket-looking  case  can  also  construct  the  one 
resembling  a  hedgehog  when  its  bristles  are  erected.  In  fact, 
if  a  caddis  is  able  to  make  itself  a  case  from  any  one  of  the 
substances  already  mentioned,  it  is  able  to  build  from  all  of 
them.  For  I  have  tried  their  capabiUties  in  that  way  by 
giving  a  caddis  a  certain  kind  of  material  to  construct  its 
house,  and  as  soon  as  it  was  completed  I  turned  it  out,  and 
then  give  the  same  worm  something  different  to  work  upon. 

With  these  new  materials  it  would  commence  building 
with  as  much  ease  as  it  did  with  the  former  materials,  although 
consisting  of  a  totally  different  kind  of  substance  from  that 
which  it  employed  in  the  formation  of  its  previous  case. 

Although  these  caddises  are  so  wonderful  in  being  capable 
of  forming  cases  for  themselves  of  such  a  variety  of  structure, 
yet  it  is  not  every  substance  that  they  are  able  to  employ  for 
building  materials.  They  are  incapable  of  using  anything 
when  existing  in  a  certain  form.  For  instance,  although  glass 
is  an  easy  kind  of  material  for  a  caddis  to  work  with,  yet  if 
the  form  and  surface  of  that  glass  be  smooth  and  round,  as  in 
a  small  bead,  the  caddis  will  be  totally  unable  to  make  a  case 
from  it.  In  broken  glass  the  pieces  are  always  somewhat 
angular,  and  present  no  difficulty  to  the  worm.  Generally,  I 
may  state  that  not  only  round  beads,  but  every  object  which  is 
rounded  in  form  and  smooth  in  surface,  is  unfit  for  building 
material,  whilst  substances  with  angles  and  curves  are  quite  fit 
for  the  use  of  a  caddis- worm.  There  are  some  substances  that 
exhale  certain  odours,  which  render  them  also  quite  unfit  to  be 
used.     These  scented  materials  are  so  highly  noxious  to  the 
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worms,  that  they  often  completely  stupefy  the  creatures,  and 
sometimes  even  cause  their  death.  If  pieces  of  pine  wood  be 
placed  in  a  vessel,  and  if  a  caddis  be  kept  amongst  that  wood^ 
in  a  short  time  it  becomes  stupefied,  and  would  ultimately 
die  if  suffered  to  remain.  This  stupefaction  is  caused  by  the 
turpentine  which  is  contained  in  such  large  quantities  in  all 
kinds  of  pine  wood. 

mate  is  another  substance  which  caddis-worms  are  unable 
to  employ  for  their  building.  I  attribute  this  to  a  similar  cause 
as  that  which  prevents  caddis  from  using  pine  wood,  namely, 
the  odour.  In  these  cases,  however,  the  substance  does  not 
cause  any  injury  to  the  worms.  The  same  obstacles  arise 
with  both  coal  and  brick. 

Although  there  are  many  kind  of  metals  that  can  be  em- 
ployed by  caddis- worms,  yet  there  are  some  from  which  they 
are  quite  unable  to  construct  their  houses,  such,  for  instance, 
as  lead  and  copper.  I  have  myself  repeatedly  endeavoured  to 
get  a  caddis  to  use  these  metals  just  named,  but  it  was  always 
in  vain ;  although  worms  would  try  again  and  again  to  build 
from  them,  they  invariably  failed. 

It  will  always  be  found  that  if  any  caddis  is  not  able  to 
construct  itself  a  house  from  any  kind  of  substance  which 
might  be  given  to  it,  no  other  caddis  could  form  a  house  from 
the  same  material.  Any  number  of  caddises  may  be  tried  for 
that  purpose,  yet  the  results  are  always  the  same. 

It  has  before  been  stated  that  the  weight  of  caddis  cases 
depends  upon  the  locality  that  is  inhabited  by  the  worms,  for 
it  is  found  that  the  more  rapid  the  streams,  the  heavier  are  the 
cases. 

When  a  caddis  is  turned  out  of  its  hotise,  the  whole  surface 
of  its  body  is  covered  with  air-bubbles.  Now,  if  these  crea- 
tures are  placed  under  these  circumstances  in  running  water, 
they  speedily  rise  to  the  surface  and  float,  until  at  last  they 
die  from  exhaustion  in  their  struggles  to  regain  the  bottom 
of  the  water. 

This  being  then  the  use  of  the  cases  to  the  caddises,  let  us 
now  see  the  manner  in  which  they  construct  them.  It  is, 
indeed,  an  interesting  sight  to  watch  them  during  the  progress 
of  their  building.  The  worms  commence  by  placing  together 
a  number  of  pieces  of  the  substances  they  wish  to  employ. 
These  are  then  cemented  loosely  together,  so  as  to  make  a 
foundation  for  building  its  subsequent  structure.  These  first 
pieces  that  are  used  as  a  foundation  are  always  cast  off  before 
the  completion  of  the  edifice.  The  cement  used  by  the  caddis 
in  fastening  the  pieces  of  its  house  together,  is  a  secretion 
which  proceeds  from  its  mouth.  With  it  the  different  pieces 
are  fixed  together  in  the  most  perfect  manner.    This  cement 
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answers  the  same  purpose  to  the  caddis-worm  as  the  mortfur 
which  is  used  by  the  bricklayer  in  the  construction  of  his  build- 
ings. After  the  foundation  has  been  formed^  the  caddis  pro- 
ceeds by  lifting  up  with  its  feet  a  piece  of  the  material  it  is 
employing  for  its  building.  This  is  turned  on  ev^ery  side^  either 
in  order  to  discover  wheQier  the  piece  will  or  will  not  suit,  or 
else  to  find  out  which  is  the  side  that  will  best  fit  into  the  space 
required  for  it.  K  the  piece  is  fovnd  to  answer  all  tiiie  pur- 
poses required  by  the  caddis,  it  is  cemented  into  the  space 
reserved  for  it  by  this  secretion,  which  as  I  have  stated  before, 
proceeds  from  its  mouth.  If,  however,  the  piece  does  not  suit 
the  space,  that  piece  is  instantly  rejected,  and  another  one  is 
taken  up  by  the  worm  in  the  same  manner  as  the  previous  one 
was.  Sometimes  the  caddis  is  obliged  to  take  up  several  pieces 
before  it  is  able  to  meet  with  one  fit  for  the  purpose.  This 
makes  the  task  of  building  extremely  tedious  and  laborious. 
Indeed,  with  the  creature's  slender  legs  it  seems  marvellous 
that  it  is  able  to  take  up  the  different  pieces  with  them,  par- 
ticularly when  heavy  ones  are  selected,  which  is  the  case 
when  the  worms  inhabit  rough  waters.  For  in  those  localities 
the  materials  ore  principally  large  stones,  or  else  thick  heavy 
bits  of  wood,  which  must  render  the  building  extremely 
laborious.  The  building  is  continued  by  the  caddis  in  the 
manner  just  described  without  stopping,  until  it  has  succeeded 
in  rearing  a  house  according  to  its  ta^te.  When  it  is  com- 
pletely finished,  the  whole  body  of  the  worm  is  encased  in  it^ 
with  the  exception  only  of  its  head  and  legs,  and  these  even  are 
capable  of  being  drawn  into  its  building,  either  for  its  pleasure 
or  for  their  protection  at  the  appearance  of  danger. 

The  caddises  are  exceedingly  fond  of  the  houses  which 
they  take  so  much  pains  to  build,  and  it  is  often  very  trou- 
blesome to  deprive  them  of  their  habitations.  They  fasten 
themselves  into  the  end  of  their  houses  by  the  means  of  those 
two  little  hooks  which  have  already  been  alluded  to,  and  by 
the  aid  of  which  they  are  enabled  to  bid  defiance  to  any 
^lemy  who  might  tiy  to  denude  them-  of  their  abodes. 
When  the  caddis  is  once  hooked  into  its  case  it  will  often  suffer 
itself  to  be  torn  into  two  rather  than  allow  itself  to  be  dragged 
out.  The  obstinate  resistance  on  the  part  of  these  caddis- 
worms  often  offers  some  difficuliy  when  it  is  wished  that  they 
should  build  another  case. 

But  it  will  be  found  that  caddises  will  creep  out  of  their 
cases,  if  slightly  irritated  by  gently  pushing  a  pin  into  the  end 
of  their  case.  By  this  method  both  case  and  worm  will  escape 
damage  and  injury. 

Now  caddises  are  able  to  make  more  than  one  case  for 
themselves  when  former  ones  are  destroyed.    When  I  tried 
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0ome  ezperimaits  with  tthem^  I  found  tbat  five  was  about  the 
greatest  number  I  ever  obtained  from  one  caddis.  The  last 
one  was  not  nearly  so  strongly  or  firmly  cemented  together  as 
the  first  one.  After  the  fifth  one  was  made^  the  caddis^  when 
turned  out  of  it^  would  invariably  bury  itself  under  the  heap  of 
the  materials  given  to  it  without  even  trying  to  make  another 
oafie.  It  seems  that  the  secretion  used  for  oementing  the 
paits  together  was  entirely  used  up  and  failed  to  be  further 
produced.  But  although  five  was  'found  to  be  the  greatest 
number  obtained  from  one  caddie^  yet  it  should  be  stated  that 
if  the  worms  were  captured  as  soon  as  they  were  hatched^  and 
experiments  tried  with  them^  I  believe  they  would  be  able  to 
make  more  than  that  number.  Frequently  they  did  not  suc- 
ceed in  making  so  many  as  five  cases. 

I  have  seen  the  smaU  caddises,  just  hatched,  building  their 
tiny  houses  as  early  as  the  beginning  of  January ;  of  course 
being  then  veiy  little  creatures,  the  materials  they  are  only 
able  to  employ  must  be  of  the  smallest  description,  like  sand, 
etc.,  for  with  Lger  or  Iieayier  inaterials  they  would  not  havo 
the  strength  to  take  the  particles  up  with  their  then  tiny  feet. 
As  they  grow  so  they  must  enlarge  their  houses,  always  build- 
ing until  the  creatures  cease  to  grow  larger ;  but  in  what  way 
they  expand  the  circumference  of  their  dwelling  I  have  not 
been  able  at  present  to  observe. 

The  time  taken  for  a  caddis  to  construct  a  case  varies  very 
much.  With  some  substances  a  caddis  takes  more  than  double 
the  amount  of  time  and  labour  that  it  does  with  others,  for 
with  some  materials  they  finish  their  work  in  about  twenty-fonr 
hours,  with  others  again  it  takes  more  than  a  week  to  do  it.  It 
has  been  already  stated,  that  cases  made  from  broken  pieces  of 
glass,  jet,  shells,  or  marble,  were  very  much  quicker  in  their 
construction  than  when  the  worms  were  supplied  with  either 
amethyst,  or  cairngorm,  or  coral.  A  shorter  time  is  always 
taken  in  the  early  part  of  the  season,  for  as  the  period  approaches 
for  the  larvas  to  turn  into  the  pupa  state,  they  require  a  much 
longer  time  to  build. 

If  it  be  wished  to  keep  caddis- worms  for  the  purpose 
of  watching  these  creatures  constructing  their  cases,  it  will 
be  found  to  be  advisable  to  let  each  worm  have  a  separate 
place  to  work  in.  They  are  so  extremely  quarrelsome  to- 
wards each  other,  that  if  you  denude  several  worms  of  their 
houses,  and  place  them  together  in  a  vessel  of  water  containing 
materials  for  them,  you  will  find  that  instead  of  beginning  to 
build  they  will  commence  a  most  deadly  warfare  with  each 
other,  th^  animosity  never  being  appeased  until  some  one 
strcmger  than  the  rest  succeeds  in  killing  them  off.  After 
this  the  survivor  will  commence  his  house  as  if  nothing  had 
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happened.  The  best  way  is  to  let  each  caddis  have  a  small 
jar  of  river  water  for  itself,  and  which  should  contain  the  sub- 
stance it  is  wished  its  house  should  be  built  of.  The  water 
should  be  changed  daily,  so  as  to  let  the  caddis  have  always  a 
fresh  supply  of  oxygen,  and  also  to  keep  the  materials  bright 
and  clean  which  it  employs. 

When  the  period  arrives  for  these  larvas  to  become  pupas 
they  gradually  lose  their  activity,  until  at  last  they  withdraw 
their  head  and  legs  entirely  into  thbir  cases,  and  remain  in  a 
completely  dormant  state  for  a  short  time  until  their  last  trans- 
formation, when  they  burst  open  their  cases,  and  rise  to  the 
surface  of  the  water  in  their  new  and  glorious  forms  of  perfect 
flies.  They  dry  their  wings  and  skim  along  the  surface  of  the 
water,  their  instinct  leading  them  to  perform  their  new  career 
as  if  they  had  been  accustomed  to  that  state  of  existence  all 
their  lives. 

The  period  in  which  the  transformation  from  larvas  into 
flies  takes  place  does  not  always  fall  at  the  same  time  at 
different  parts  of  the  country.  In  the  south  of  England  it 
generally  occurs  about  the  middle  of  May. 

The  colour  of  the  fly  is  brown.  It  is  possessed  of  four 
wings,  which  are  equally  long,  and  very  much  resemble  net- 
work. Whilst  at  rest  the  wings  are  placed  longitudinally. 
It  has  also  long  antennae.  The  flies  always  keep  near  the  water. 
Their  great  enemies  in  all  states  of  their  existence  are  trout, 
with  other  fish,  who  devour  them  freely ;  the  trout  even  eat 
cases  and  all  of  the  caddis ;  although  they  greatly  prefer 
them  without  the  stoned  and  sticks  which  cover  the  bodies, 
as  then  they  consider  them  exceedingly  dainty  morsels,  and 
in  that  condition  they  are  thus  found  a  killing  bait  by  the 
angler. 

But  caddis-worms  are  equally  as  rapacious  as  the  trout 
themselves.  They  have  really  a  tremendous  appetite,  taking 
into  consideration  their  size.  I  have  observed  that  if  this  was 
not  satisfied  they  were  never  sufficiently  nourished  to  be  able 
to  undergo  their  final  transformation,  but  would  die  whilst 
existing  in  the  pupa  state.  When  I  kept  these  creatures  I 
used  to  feed  them  on  pieces  of  uncooked  meat,  which  they  would 
eagerly  seize  from  my  fingers,  and  ravenously  devour.  It  used 
to  surprise  me  to  see  how  much  such  small  animals  could 
manage  to  get  through  at  a  meal.  They  will  also  eat  a  common 
house-fly,  the  wings,  legs,  and  head  being  alone  rejected  as 
unfit.  But  meat,  if  that  be  cooked,  no  caddis  will  offer  to 
touch,  however  hungry  he  may  be.  It  is  only  whilst  the 
caddises  are  in  the  larva  state  that  they  are  so  carnivorous. 
When  living  in  the  streams  their  food  consists  of  the  numerous 
creatures  that  exist  there,  as  insects,  polyps,  mollusks,  and 


The  CaddiS'Worm  and  its  Houses,  315 

they  have  even  the  reputation  of  eating  the  ova  of  trout. 
But  after  taking  into  consideration  the  leathery  case  and 
the  roundness  and  smoothness  of  the  ova^  and  the  difficulties 
which  they  must  present  to  the  caddises^  I  am  incUned  to 
doubt  the  assertion  that  they  cause  in  any  way  their  injury. 
I  have  placed  the  ova  of  trout  in  the  same  vessel  with  caddises, 
but  never  knew  one  to  be  eaten^  and  even  have  known  a  caddis 
to  incorporate  ova  into  its  case.  But  with  the  other-named 
creatures  I  myself  have  been  an  eye-witness  of  their  rapacity. 
Indeed^  as  far  as  the  moUusks  are  concerned,  caddis-worms 
seem  to  consider  them  an  extremely  deUcate  food,  judging 
from  the  amount  of  them  they  consume  when  they  can  get  the 
opportunity  to  do  so.  I  will  here  give  a  little  anecdote  to 
prove  this,  and  also  to  show  in  what  manner  I  discovered  their 
rapacity  in  that  way. 

I  had  some  fresh-water  mussels,  belonging  to  the  family 
MytilacecE,  and  called  the  Dreissena  polymorpha.  They  were 
given  to  me  rather  as  curiosities,  and  which  I  kept  in  an 
aquarium,  containing,  amongst  other  things,  caddis-worms. 
After  a  short  time  I  found  to  my  mortification  a  great  number 
of  my  mussels  were  dead,  as  I  at  first  thought,  although  I 
was  surprised  that  I  never  found  any  trace  of  the  dead  crea- 
tures, their  shells  being  always  open  and  clean.  This  state  of 
things  went  on  for  a  few  days,  my  shells,  or  rather  their  in- 
habitants, vanishing  in  a  most  mysterious  and  unaccountable 
manner ;  until  one  day  I  saw  a  caddis  walk  deliberately  up  to 
one  of  the  mussels,  whose  respiratory  orifices  were  protruded 
from  the  partly  open  shell  of  the  mussel,  which  was  enjoying 
itself  in  the  nice  bright  water  of  my  aquarium,  not  dreaming 
that  there  was  any  danger  so  near  to  it. 

Well,  as  soon  as  the  caddis  had  reached  close  to  the  mussel, 
it  seized  hold  of  the  siphoned  orifices,  which  are  the  respiratory 
orifices  of  the  mussel,  and  then  devoured  the  poor  creature  up. 
Beginning  with  the  part  that  it  first  attacked,  and  continuing 
its  havoc  until  the  shell,  or  rather  the  two  shells  (for  mussels 
are  possessed  of  two  shells),  were  completely  emptied.  Other 
caddises  were  also  discovered  demolishing  others  of  the  same 
kind  of  mussel,  after  a  similar  manner  as  that  just  described. 

The  mussels  which  are  mentioned  here  are  natives  of 
northern  and  eastern  parts  of  Europe.  They  were  first  dis- 
covered in  England  in  1824,  in  the  Commercial  Docks,  and 
have  been  supposed  to  have  been  brought  to  England  amongst 
some  timber.  They  have  been  carried  to  the  Eiver  Lea,  and  in- 
creased plentifully  in  the  reservoirs  and  even  in  the  water- 
pipes  of  the  New  Eiver  Company  in  the  Green  Lanes.  By 
their  fertility  they  have  become  almost  a  nuisance,  and  I  may 
confidently  suggest  to  the  New  River  Company  the  importation 
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of  caddis-wonoB  iuix>  their  raseiroirs  as  a  means  for  their 
extermination. 

Now  after  all  that  has  been  stated  on  the  variety  o£  Btmc- 
tores  of  caddis  cases^  it  should  be  borne  in  mind  that  however 
ffreat  may  seemingly  appear  to  be  the  difference  between  the 
different  cases^  sadbi  as  between  the  wicker-work  house  of  the 
caddis  and  that  which  was  made  &om  the  teeth  of  a  tortoise- 
shell  comb^  yet  the  general  design  of  those  houses  is  iden- 
tically the  same.  For  instance^  if  they  be  compared  together 
it  will  be  seen  that  all  the  cases  are  made  of  the  same  shape^ 
ziamely^  in  that  of  a  tabe^  and  that  the  same  smooth  surface  is 
found  to  exist  in  the  interior  of  ihose  houses.  The  only 
difference  between  them  consists  in  the  manner  in  which  the 
pieces  of  the  material  are  arranged^  and  not  in  the  design  of 
the  whole.  The  desigil  upon  which  the  case  is  made  is  derived 
from  instinct^  which  is  implanted  into  the  organisation  of  the 
creature  by  nature^  which  leads  them  to  construct  cases  of 
such  a  uniformity  of  plan  as  was  said  in  an  analogous  case 
by  Gilbert  White^  in  his  Natural  History  of  Selbome,  that 
'^  The  God  of  Nature  is  their  secret  guide."  As  soon  as  the 
creature  is  hatdb.ed  it  commences  building  a  house  without 
experience  and  without  knowledge^  and  without  even  requiring 
to  be  taught^  and  which  is  as  perfect  in  its  structure  as  if  it 
had  the  most  extended  experience  and  the  most  correct  know- 
ledge^ and  the  same  plan  will  also  be  observed  in  all  instances. 
Instinct  then  does  not  proceed  from  the  operations  of  the 
zoind^  but  is  something  which  is  implanted  into  the  nature 
of  the  creatures  as  a  part  of  their  organisation^  and  which 
causes  them  to  act  upon  that  idea  that  has  been  implanted. 
With  respect,  however,  to  the  choice  of  each  stone,  the 
caddis  is  guided  by  a  particular  adaptation  of  each  piece  for 
its  purpose,  and  to  that  extent  acts  as  well  as  man  could  do 
under  similar  circumstances.  Whilst  the  design  of  the  case  is 
clearly  instinctive,  as  much  reason  is  shown  in  the  choice  of 
materials  as  man  could  exercise  under  the  same  conditions. 

In  these  pages  I  have  endeavoured  to  point  out  simply  the 
principal  features  of  that  wonderful  instinct  which  is  possessed 
by  the  larvas  of  that  order  of  iasects  commonly  known  as 
caddis-worms.  The  facts  which  I  have  mentioned  were  all 
ascertained  by  trying  experiments  with  them.  For,  as 
I  have  said  a4/  the  commencement  of  this  paper,  the  ex- 
periments were  carried  on  solely  from  an  intense  desire  to 
know  what  were  the  capabilities  of  these  curious  creatures. 
But  I  feel  convinced  that  more  can  be  learnt  of  them,  and  it 
is  in  the  hope  that  others  may  be  incited  to  the  same  object 
that  this  account  has  been  written,  which  contains  that,  which 
I  myself  have  learnt  through  my  own  observations  made  upon 
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creatures  obtained  from  the  streams  in  our  garden  at  Walling- 
ton.  That  it  was  attended  with  great  amusement  I  need 
hardly  add.  Should  any  one  wish  to  discover  more  about 
them^  let  them  try  experiments  themselves  with  these  creatures. 
In  the  month  of  April  they  will  find  in  the  rivers  the  caddis- 
worms  in  a  most  active  state^  each  busily  employed  in  building 
their  differently-formed  cases. 

Description  op  Plate. — Fig.  1.  Case  of  a  caddis^  found  in 
the  river  where  the  current  is  slow.     It  is   built   of  small 
stones^   attached  to  a  long   strip   of  wood^   which  balances 
the  weight  of  the  stones.     Fig.   2.  Case   of  a  caddis  found 
in  rough  waters.      This  is  much  heavier   than    the  former. 
Fig.  3.  Case  of  a  caddis  when  the  larva  was  turned  out  of  its 
former  one^  and  was  supphed  with  the  teeth  of  a  tortoiseshell 
comb.     Fig.  4.  Case  as  taken  out  of  the  river  where  the  stream 
is  moderate.     It  is  formed  of  the  shells  of  planorbises  and 
shells.     Fig.  5.  Case  made  of  jet.    It  shoidd  be  added  the 
same  larva  made  five  cases  from  this  same  material.     Fig.  6. 
Case  made*  of  the  filings  of  brass.      Fig.  7.   Case  made   of 
sprigs  of  red  and  white  coral,   and  will  be   seen  to  be   a 
heavy    one.      Fig.   8.  Case    made   from    broken    pieces    of 
different-coloured  glass.      Fig.   9.   Case  as  existing  in  the 
river,    it    consists    of   small    stones     and    strips  of   wood, 
one   of  which  is  much  longer   than  the   other.      Fig.   10, 
Case  of  caddis  made  of  silver  leaf.     Fig.  11.  Case  of  caddis 
when   the  larva  was  supplied  with  pieces  of  coralline.     It 
will  be  seen  that    the  pieces   are  put   together  in  such   a 
manner  that  the  case  bears  a  great  resemblance  to  basket- 
work.     Fig.  12.  Case  made  when  a  caddis  was  supplied  with 
pieces  of  amethyst.     Fig.  13.  Caddis  case  constructed  of  pieces 
of    cairngorm.      Fig.    14.    Case  made    of  willow   shavings. 
Fig.  15.  Case  of  a  caddis  from  a  gently  running  stream;  it 
consists  of  small  stones  attached  to  two  long  sticks.     Fig.  16. 
Case  made  when  the  caddis  was  suppUed  with  red  coral.     It 
will  be  seen  that  it  closely  resembles  the  one  which  is  made  of 
the  red  and  white  coral.     Fig.  17.  Case  made  of  broken  pieces 
of  green  glass.     Fig.  18.  Case  formed  of  cornelian.     Fig.  19. 
Case  made  of  broken  pieces  of  shells.     Fig.  20.  Case  from  the 
river,  which  consists  of  small  stones  with  one  stick  attached. 
Fig.  21.  Case  of  oaddis-worm  as  taken  from  the  river.     There 
is  a  cherry  stone  attached  to  one  side  of  the  case.     Fig.  22. 
Case  of  caddis  made  of  small  stones,  to  which  is  attached  a 
long  strip  of  wood. 
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KEW  OBSERVATORY. 

It  is  not  always  necessary  to  go  to  a  distance  in  order  to  meet 
with  something  new^  and  there  are  institutions  in  the  midst  of 
us  which,  from  the  nature  of  their  work,  are  comparatively  un- 
known. 

Those  of  our  readers  who  have  rambled  over  the  Kew 
Ghtrdens,  or  have  pleasing  recollections  of  a  sail  up  the  Thames 
on  a  sultry  summer's  evening,  may  perchance  have  observed, 
towards  Richmond,  a  building  which  stands  alone  in  the  old 
Deer  Park.  Perhaps,  also,  their  curiosity  has  been  aroused 
by  three  obelisks,  one  to  the  north,  and  two  to  the  south  of 
the  said  building,  which  form  a  constant  source  of  speculation 
to  the  inhabitants  of  the  neighbourhood.  These  are  meridian 
marks'for  astronomical  instruments,  and  the  building  to  which 
they  belong  was  originally  the  private  observatory  of  George 
III.  Here  he  spent  many  of  his  leisure  hours  in  regarding  the 
heavenly  bodies  and  in  other  scientific  pursuits,  while  even  to 
this  very  day  reminiscences  of  the  old  king  linger  about  the 
place.  The  observatory  is  built  on  a  mound,  which  raises 
it  somewhat  above  the  level  of  the  park,  and  is  surrounded  on 
all  sides  by  vaults,  as  an  additional  precaution  against  the 
entrance  of  moisture  from  the  river.  It  is  not  now  devoted  to 
astronomy,  but  the  Queen  having  granted  it  for  the  use  of  the 
British  Association,  it  is  employed  by  that  body  for  purposes 
connected  with  physical  science. 

Although  called  the  Kew  Observatory,  the  propriety  of  this 
appellation  is  somewhat  questionable,  since  it  is  really  nearer 
Richmond  than  Kew;  but  we  all  know  that  it  is  not  easy  to 
change  a  name. 

A  committee  of  the  association,  men  of  eminence  in 
science,  form  the  board  of  directors,  and  have  the  power  to 
appoint  a  superintendent  and  staff  of  assistants,  who  by  a  wise 
arrangement  are  guided  rather  than  trammelled  by  the  super- 
vision of  the  Board. 

The  past  history  of  this  institution  under  the  British  Asso- 
ciation is  indelibly  associated  with  the  names  of  Ronald  and 
Welsh.  The  former  of  these,  well  known  as  an  electrician,  was 
one  of  the  first  to  suggest  the  idea  of  an  electric  telegraph. 
He  had  also,  for  a  considerable  time,  instruments  of  his  own 
constniction*  in  operation  at  Kew  observatory  for  the  purpose 
of  ascertaining  the  electricity  of  the  air,  and  this  branch  of 
knowledge  is  much  indebted  to  his  inquiries. 

It  is  perhaps,  however,  in  his  employment  of  photography 
for  the  purpose  of  recording  meteorological  phenomena,  that 
he  has  been  of  the  most  signal  service  to  science.  Here  he  was 
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one  of  tlie  first  in  the  fields  and  if  his  processes  liave  since  been 
improved  by  Brooke,  Welsh,  and  others,  he  has  at  least  the 
credit  of  first  pointing  out  the  capabilities  of  this  wonderful 
agent.  His  original  barograph  is  even  now  in  use  at  the 
Kew  observatory,  a  similar  instrument  is  in  operation  at  Oxford, 
and  another  will  shortly  be  elected  at  St.  Petersburg. 

Mr.  Ronald  was  succeeded  in  his  oflBice  by  Mr.  John  Welsh, 
whose  untimely  death  has  been  much  regretted,  but  who,  not- 
withstanding his  short  career,  left  a  name  well  known  among 
magneticians  and  meteorologists.  He  was  the  pioneer  iu  those 
scientific  balloon  ascents,  which  have  since  been  pursued  in  so 
indefatigable  a  manner  by  Mr.  Glaisher,  and  from  the  very 
complete  arrangements  which  he  was  the  means  of  introducing 
at  Kew  for  testing  barometers  and  thermometers,  as  well  as 
from  his  improvements  in  magnetical  instruments,  his  name  is 
deservedly  Known,  and  his  judgment  highly  respected.  But 
we  must  now  hasten  to  inform  our  readers  of  what  goes  on  at 
present  at  the  observatory,  and  even  to  him  whose  motto  is 
cui  bono  we  hope  to  demonstrate  the  use  of  the  institution. 

We  have  already  stated  that  the  Kew  observatory  is  phy- 
sical rather  than  astronomical,  and  we  may  now  add  that  the 
branches  of  science  to  which  the  labours  of  the  staff  have 
been  hitherto  most  devoted  are  meteorology,  magnetism,  and 
heliography,  and  these  have  received  an  amount  of  attention 
which  could  not  easily  have  been  bestowed  upon  them  by  any 
private  individual.  To  begin  with  meteorology.  It  was  only 
when  the  great  practical  importance  of  this  science  first  began 
to  be  perceived,  that  accuracy  in  the  construction  of  barometers 
and  thermometers  was  at  length  regarded  as  absolutely  essen- 
tial to  the  progress  of  our  knowledge. 

It  is  difficult  for  any  one  living  in  these  latter  days  of 
accurate  inquiry,  who  has,  perhaps,  only  handled  the  delicate 
and  exquisite  instruments  which  are  now  constructed  by  opti- 
cians,  to  realize  the  inaccuracy  and  slovenliness  with  which  the 
indispensable  barometer  and  thermometer  were  constructed  not 
a  great  many  years  since.  We  have  all  heard  with  a  smile  of 
Sir  W.  Armstrong's  village  hostess,  who  was  afraid  her  weather 
glass  was  not  exactly  right,  for  all  the  quicksilver  had  run  out 
of  it ;  but  we  can  hardly  believe  that  twenty  years  ago  many 
opticians  who,  perhaps,  esteemed  the  presence  of  mercury 
essential  to  the  barometer,  yet  took  little  pains  to  measure 
accurately  the  length  of  column  of  that  fluid.  We  should  also 
like  to  know  how  many  observers  in  those  dark  days  ascer- 
tained the  temperature  of  their  mercury. 

Then  again  with  thermometers.  Was  the  atmospheric 
pressure  always  noted  when  the  boiling  point  of  an  instrument 
was  marked  off  by  the  optician,  or  could  either  optician  or 
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obserrer  give  a  satisfactory  definition  of  that  point  ?  Was 
either  aware  of  the  gradual  change  which  takes  place  in  a 
thermometer  by  age ;  or  in  graduating  an  inatrament^  was  aiq^ 
allowance  made  for  the  unequal  diameter  of  the  bore  at  different 
parts  of  the  same  tube  ?  These  and  other  questions  might 
well  be  asked ;  nor  do  we  err  in  stating  that  errors  in  baro- 
meters of  that  period  might  often  be  reckoned  by  tenths  of  an 
inch;  errors  of  thermometers  by  degrees. 

But  day  was  now  beginning  to  dawn^  the  public  were 
gradually  becoming  aware  of  the  practical  importance  of 
meteorology ;  the  laws  of  storms  (for  even  storms  have  laws) 
were  more  observed^  and  while  Admiral  Fitzroy  applied  Imnself 
to  the  task  of  foretelling  weather^  the  Kew  committee  set 
themselves  to  that  of  improving  instruments;  for  in  the  peace* 
fnl  as  well  as  in  the  warlike  arts^  one  man  furbishes  tiie  weapon 
which  another  man  wields. 

It  was  at  this  sti^e  that  the  committee  were  fortunate  in 
securing  the  valuable  co-operation  of  the  late  Mr.  Welsh  as 
superintendent  of  the  observatory.  One  of  their  first  acts 
was  to  recommend  a  pattern  for  barometers  to  be  used  at  sea^ 
and  instruments  after  their  model  have  since  been  very  exten* 
sively  employed  by  Admiral  Fitzroy  in  the  department  under 
his  control. 

Another  important  point  was  to  obtain  at  Kew  the  means  of 
readily  determining  the  errors  of  meteorological  instruments^pre* 
vious  to  which  it  was  essential  to  construct  an  accurate  standard 
barometer^  to  which  all  others  might  be  referred.  Let  not«our 
readers  imagine  that  this  was  an  easy  task^  for  in  oirder  to  avoid 
the  influence  of  capillarity^  it  was  necessary  that  the  internal 
bore  of  the  tube  to  be  filled  with  mercury  should  be  at  least 
one  inch  in  diameter.  This^  after  much  preliminary  difficulty^ 
Mr.  Welsh  accomplished^  by  a  method  which  obviated  &e 
trouble  of  boiling  the  mercury  in  the  tnbe-^-in  all  cases  a  dif* 
ficult  operation^  but  with  a  tube  of  such  a  bore  nearly  im* 
possible. 

Having  procured  their  standard  of  reference^  something  more 
was,  however,  wanting  before  barometers  could  be  properly 
tested ;  no  doubt,  by  suspending  instruments  in  the  same  room 
with  the  standard,  the  errors  of  these  might  be  obtained,  but 
only  for  the  existing  atmospheric  pressure,  whatever  that  might 
happen  to  be  at  the  time  of  comparison*  But  for  marine 
barometers,  with  no  cistern  adjustment,  it  was  essential  to 
know  the  error  at  various  points,  and  clearly  it  would  not  do 
to  wait  for  a  storm  in  order  to  compare  together  instruments 
at  a  low  pressure,  or  for  exceptionably  fine  weather,  in  order 
to  compare  them  when  the  pressure  was  high. 

Evidently  the  only  plan  was  to  obtain  the  means  of  pro- 
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caring  at  wiU  an  artificial  atmosphere^  whicfai  was  accomplislied 
by  the  successful  construction  of  a  receiver^  with  plate-glass 
windows^  into  which  an  additional  inch  of  air  might  be  intro- 
duced^ or  from  which  three  inches  might  be  abstracted.  The 
comparison  might  thus  be  made  between  31  and  27  inches^ 
a  range  which  comprehends  all  weathers. 

In  the  next  place^  with  regard  to  thermometers^  the  com- 
mittee undertook  to  supply  all  Fellows  of  the  Boyal  Society^ 
and  members  of  the  British  Association  who  chose  to  incnr 
the  necessary  expenditure^  with  standards  of  their  own  con« 
struction^  and  such  were  likewise  suppUed  to  the  leading  opti- 
cians^ becoming  in  their  hands^  as  it  were^  the  parents  of  a 
host  of  accurate  thermometers.  Nor  did  the  labours  of  the 
committee  end  here^  for  besides  thus  indirectly  supplying  the 
public  with  a  better  description  of  instrument^  great  facnlities 
were  afforded  for  the  yerification  of  all  thermometers  which 
might  be  sent  to  Kew.  By  way  of  variety^  let  us  here  give  a 
short  sketch  of  the  method  employed  in  constructing  a  standard 
thermometer.  Our  readers  are  well  aware  that  in  every  such 
instrument  there  are  two  points  which  must  be  accurately 
determined  before  graduation^  the  first  of  these  being  the 
melting  point  of  ice^  and  the  second  the  boiling  point  of 
water. 

Let  snow  or  pounded  ice  be  put  into  a  wooden  box,  and 
left  for  some  time  in  a  room^  the  temperature  of  which  is  about 
82^^  and  further  let  the  water  which  forms  be  allowed  to  drain 
off  through  a  few  small  holes  in  the  bottom  of  the  box.  Now 
introduce  your  thermometer  tube,  which  had  better  be  an  old 
one,  into  the'  mixture,  and  when  it  has  remained  there  for  some 
time,  make  a  mark  on  the  tube  at  the  termination  of  the 
mercury.  This  point  must  denote  32"*  if  you  intend  making  a 
Fahrenheit  thermometer. 

But  if  the  melting  point  of  ice  be  constant,  not  so  the 
boiling  point  of  water.  Were  the  pressure  of  the  air  to  fall  to 
29  inches,  water  would  boil  at  2101** ;  were  it  to  rise  to  30| 
inches,  the  same  fluid  would  boil  at  213^.  The  barometer 
must,  therefore,  be  consulted  when  the  upper  point  of  the  tube 
is  marked  off,  and  not  only  must  the  bulb,  but  also  the  whole 
column  of  the  instrument  up  to  the  termination  of  the  mercury 
be  immersed  during  the  operation  in  boiling  water,  or  what  is 
better  still  in  the  steam  wiiich  escapes  firom  it  into  the  air. 

When  you  haye  thus  obtained  your  two  points,  say  32* 
and  212**  of  the  capillary  bore  of  your  tube  be  constant 
throughout,  you  have  only  to  divide  the  distance  between 
these  into  180  equal  parts.  But  if  the  bore,  as  is  always  the 
case,  be  not  uniform,  you  must  make  your  degree  longer  when 
it  is  narrow,  and  shorter  where  it  is  wide ;  you,  tiiereforoj 
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require  to  know  tbe  relatiye  diameter  of  the  bore  at  all  the 
different  parts  of  the  tnbe.  In  order  to  obtain  this  informa- 
tion^ a  small  portion  of  mercary^  sufficient  to  occupy  about 
half  an  inch  of  the  bore^  is  detached  from  the  main  body  of 
the  fluid  in  the  bulb  by  a  mechanical  process^  and  is  made  to 
travel  down  the  tube  from  the  bottom  to  the  top,  its  length, 
being  accurately  measured  at  every  stage.  Of  course  where 
the  bore  is  wide  the  length  of  this  detached  column  will  be 
small^  and  where  the  bore  is  narrow,  its  length  will  be  great. 
By  this  method  the  diameter  of  the  bore  is  ascertained  through- 
out, and  the  instrument  graduated  accordingly. 

The  result  of  the  labours  of  the  Kew  committee  was  soon 
apparent.     The  slovenliness  with  which  meteorological  instru- 
ments had  hitherto  been  constructed  gave  place  to  accuracy, 
and  such  are  now  produced  by  many  opticians  with  hardly  any 
perceptible  error.     But  here  let  me  impress  upon  all  those  who 
desire  perfection  not  to  remain  content  with  the  general  repu- 
tation of  the  optician  whom  they  employ,  but  to  have  their 
instruments  verified  at  Kew,  and  a  table  of  corrections  pro- 
cured from  that  establishment.     By  doing  so,  not  only  is  the 
instrument  itself  rendered  practically  equal  to  a  standard,  but 
the  optician  is  kept  up  to  the  ma/rk  by  the  knowledge  that  his 
work  is  scrutinized.     It  is  now  time  to   notice  shortly  the 
various  scientific  processes  which  are  conducted  at  the  obser- 
vatory.    That  meteorological  observations  are  regularly  made 
at  Kew,  our  readers  are  well  aware ;  and  here  we  may  likewise 
mention  the  fact  that  Bobinson^s  anemometer  has  been  im- 
proved by  Bukly,  the  mechanic  of  the  observatory,  into  an 
instrument    which    records  continuously    the    direction  and 
velocity  of  the  wind,  and  which  is  now  extensively  adopted. 
But  perhaps  the  most  important  processes  are  those  connected 
with  photography.    Light  plays  a  very  prominent  part  at  Kew. 
By  means  of  this  agent,  the  changes  which  take  place  in  the 
magnetism  of  our  globe,  as  well  as  those  which  take  place  in 
the  electricity,  and  the  pressure  of  the  atmosphere,  are  continu- 
ously recorded,  and,  besides  all  this,  the  sun  is  made  to  take 
his  own  likeness. 

We  cannot  here  enter  into  details  of  construction,  let  ua 
rather  inform  our  readers  what  such  instruments  have  already 
achieved,  and  what  more  they  may  be  expected  to  accomplish. 
Of  the  self-recording  instruments  at  Kew  the  magnetographs 
are  perhaps  the  most  important,  and  the  records  of  these  in  the 
hands  of  General  Sabine  have  already  led  to  very  interesting 
results.  Our  readers  may  be  surprised  to  learn  that  nothing  in 
nature  is  more  inconstant  than  the  magnetic  needle ;  not  only 
has  it  a  motion  depending  upon  the  hour  of  the  day,  but  it  has 
likewise  a  change  from  season  to  season,  and  from  year  to  year* 
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It  is  inflnenced  by  sun  and  moon^  but  above  all  it  is  subject  to 
sudden  and  abrupt  fluctuations  called  disturbances^  which  are 
invariably  accompanied  by  auroral  displays^  and  by  electric 
currents,  which  affect  our  telegraphic  wires.  The  laws  which 
regulate  all  these  motions  are  best  discovered  by  means  of  self- 
recording  instruments,  and  besides  investigating  these,  General 
Sabine  has  traced  from  the  records  at  Kew,  and  elsewhere, 
a  curious  bond  of  connection  between  sun  spots  and  magnetic 
disturbances,  two  phenomena  very  unlike  each  other,  but  which, 
nevertheless,  have  their  epochs  together. 

With  regard  to  the  nature  of  this  singular  connection  we 
are  yet  in  the  dark,  but  we  think  the  Kew  records  have  thrown 
some  light  upon  that  other  bond  which  links  together  magnetic 
disturbances,  earth  currents  and  aurora.  Men  of  science  abroad 
are  now  much  alive  to  the  importance  of  such  instruments,  and 
magnetographs  similar  to  those  at  Kew  are  already  in  operation 
at  Lisbon,  and  will  shortly  be  so  in  America  and  Java,  in 
Goimbra,  St.  Petersburg,  and  Florence.  In  illustration  of  the 
value  of  these  when  all  are  at  work  together,  we  may  state  that  by 
comparing  the  Lisbon  records  with  those  at  Kew,  it  has  already 
been  found,  that  magnetic  disturbances  break  out  at  precisely 
the  same  moment  of  time  in  both  those  places. 

We  shall  now  shortly  allude  to  the  barograph,  another  of 
the  self-recording  instruments  at  Kew.  By  it  the  changes  in 
the  barometer  are  continuously  recorded.  Similar  instruments 
are  in  operation  at  Oxford  and  Greenwich,  and  by  means  of 
these  it  has  been  found  that  during  sudden  squalls  the  crisis 
of  a  storm  takes  place  at  Oxford  about  50  minutes  sooner  than 
at  Kew,  and  at  Kew  somewhat  sooner  than  at  Greenwich. 
When  such  instruments  are  more  widely  spread,  a  great  in- 
crease in  our  knowledge  of  storms  may  surely  be  expected. 

The  Kew  photoheliograph  is  already  familiar  to  most  of  us  as 
the  instrument  by  means  of  which  Mr.  Warren  Delarue  succeeded 
in  obtaining  photographs  of  the  sun  during  the  total  eclipse 
which  took  place  in  Spain  on  July  18,  1860,  and  by  which  he 
proved  the  connection  with  our  luminary  of  those  mysterious  red 
protuberances  which  are  visible  on  such  occasions.  The  in- 
strument has  since  been  mounted  at  Kew  under  the  superin- 
tendence of  this  distinguished  astronomer,  and  much  curious 
information  with  regard  to  sun  spots  may  be  anticipated* 

In  addition  to  all  this  work,  monthly  observations  of  the 
magnetic  needle  are  made  in  a  small  building  detached  from 
the  observatory,  so  as  to  be  beyond  the  influence  of  iron,  and 
scientific  men  proceeding  abroad,  with  the  view  of  observing 
the  needle  at  various  places,  have  an  opportunity  of  getting  their 
instruments  tested  at  Kew,  and  of  their  receiving  instruction  in 
the  science  of  magnetism.     By  this  means  we  are  not  only 
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bronglit  nearer  day  by  day  to  that  great  scientific  consummation, 
a  theory  of  terrestial  magnetism,  but  the  practical  Importance 
of  knowing  accurately  the  behaviour  of  the  needle  at  the 
different  parts  of  our  globe  is  patent  to  every  one. 

The  Kew  ;  committee  have  likewise  lately  introduced  an 
arrangement  by  means  of  whidbi  sextants^  quadraats,  aad 
other  geographical  instruments  may  be  verified^  but  we  for* 
bear  to  enter  further  into  this  interesting  subject  at  pres^it. 

While  we  have  thus  imperfectly  described  the  diief  pro- 
cesses at  Kew  we  have  not  even  yet  exhausted  the  work  of 
the  observatory.  As  it  is  an  institution  for  the  determina.- 
tion  of  various  points  in  physical  science,  new  problems  of 
importance  are  taken  up  as  they  present  themselves.  We 
have  elsewhere  noted  the  fact  that  Mr.  Gassiot's  magnific^it 
spectroscope  is  at  Kew,  and  we  shall  now  conclude  by  ex- 
pressing our  belief  that  it  will  not  be  allowed  to  remain  idle 
during  the  fine  summer  weather  which  we  hope  is  near. 


THE  EAETH  AS  SEEN  FROM  THE  MOON. 

M.  Camillb  Flahhabion  gives  the  following  account  of  the 
appearance  the  earth  must  present  to  the  inhabitants  of  the 
moon  :— 

'^The  inhabitants  of  the  moon  perceive  in  their  sky  a 
gigantic  star,  constantly  immoveable  at  the  same  height.  To 
their  eyes  this  globe  is  twelve  times  as  large  as  the  sun,  but  it 
differs  from  all  the  stars  in  being  always  suspended  in  the 
same  place  over  their  heads.  It  presents  phases  to  them  as 
the  moon  does  to  us,  passing  through  all  the  gradations  of 
new  and  full  earth.  This  star,  as  we  have  just  said,  is  the 
earth  that  we  inhabit. 

"  Those  who  dwell  in  the  centre  of  the  lunar  disc  behold 
our  globe  'suspended  from  their  zenith  hovering  eternally  in 
the  midst  of  the  starry  skies.  Others  see  it  at  70  degrees  of 
elevation,  others  at  45  degrees,  as  they  inhabit  spots  more  or 
less  removed  from  the  centre  of  the  visible  hemisphere.  Those 
who  live  near  the  borders  of  this  hemisphere  see  our  globe 
on  their  horizon  resting  on  the  mountains.  A  little  further  on 
only  half  the  earth  is  discernible,  and  in  passing  to  another 
hemisphere  the  view  vanishes  for  ever. 

'^  If  we  except  the  determination  of  longitudes,  the  earth 
is  more  beautifrd  and  more  useful  to  the  moon  than  the  moon 
is  to  the  earth,  and  if  the  Selenites*  rolling  beneath  us  inter- 
pret the  law  of  final  causes  with  as  much  partiality  as  we  do, 

*  SelouteB,  from  aelene  (:gcx4i^),  the  moon,  uiluibitants  of  that  orb. 
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they  -will  have  a  right  apparently  superior  to  our  own  for  re- 
garding creation^  tiie  earth  included^  as  especially  made  for  the 
Belenian  race. 

'^  The  earth  is  a  gigantic  globe^  sending  them  thirteen  times 
more  light  than  the  full  moon  transmits  to  us.  It  revolves  on 
its  axis  in  twenty-four  hours^  and  during  this  period  exhibits 
all  portions  of  its  Bar£a.ce^  being  thus  more  generous  than  the 
moon,  which  always  conceals  one  hemisphere  from  our  view. 
In  consequence  of  this  motion^  the  Selenite  finds  himself  in  an 
observatory  magnificently  situated  for  viewing  the  terrestrial 
disc^  and  his  position  is  preferable  to  that  of  the  inhabitants 
of  the  first  four  moons  of  Saturn^  who  can  never  see  the  whole 
of  that  planet^  and  they  can  see  the  earth  better  than  we  see 
any  planet. 

"  The  earth  generally  presents  to  them  a  greenish  hue,  in 
consequence  of  the  inmiense  quantity  of  water  by  which  its 
surface  is  covered,  of  the  forests  of  the  new  world,  and  of  its 
plains,  and  also  on  account  of  the  tint  of  its  atmosphere. 
From  time  to  time,  however,  large  grey  or  yellow  spots  divide 
the  sphere.  To  the  east  of  the  terrestrial  disc  appear  the 
lofty  Cordilleras,  marked  by  a  long  indented  line,  just  as  we 
see  in  the  lunar  Carpathians  to  the  west  of  the  Sea  of  Storms. 
Opposite  this  ridge,  a  shady  green  spot  of  great  extent 
unfolds  itself  for  many  hours — ^this  is  the  great  ocean.  Next 
come  two  grey  patches,  which  look  like  one,  elongated ;  these 
are  the  two  isles  of  New  Zealand.  Then  appears  the  fine  con- 
tinent of  Australia,  tinted  with  a  thousand  colours,  and  accom- 
panied by  New  Guinea,  Borneo,  Java,  and  the  Philippines. 
At  the  same  time  the  grey  country  of  Asia  is  unrolled,  and 
extends  to  the  white  steppes  of  the  pole.  Africa  then  comes 
in  view,  divided  by  its  milky  way  of  sand.  To  the  north  of 
the  great  Sahara,  appears  a  little  green  spot  torn  in  all 
directions,  and  full  of  ramifications — ^this  is  the  Mediterranean; 
above  which  those  who  have  good  eyesight  will  discern  little,  and 
ahnost  invisible,  France.  Then  the  dry  land  wiU  disappear,  aud 
the  great  dark  spot  of  the  Atlantic  will  follow  the  same  re- 
volving course.  The  Selenites  who  carelessly  contemplate  in 
tranqml  nights  the  green  and  grey  divisions  of  the  earth,  will 
have  no  idea  of  the  contests  in  which  the  distant  nationalities 
are  involved. 

^'  The  earth  ia  a  permanent  clock  to  the  inhabitants  of  the 
moon,  and  this  is  not  its  least  utiUty.  By  reason  of  its  in- 
variable movements  the  fixed  points  which  mark  the  difierent 
longitudes  will  be  the  hours  on  the  meridian  of  the  moon. 
Each  country  of  the  globe  has  its  peculiar  aspect,  and  may 
serve  for  a  point  of  departure 

'^  The  phases  the  earth  presents  to  the  moon  will,  in  the 
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same  maimer^  serve  as  an  almanack^  and  we  may  believe  they 
form  its  chief  foundation.  These  phases  are  complementary  to 
those  which  the  moon  presents  to  us :  when  it  is  foil  moon 
for  us,  it  is  new  earth  for  the  Selenites ;  and  when  they  give 
us  a  new  moon,  we  offer  them  a  full  earth.  No  reciprocity  can 
be  more  perfect  and  constant. 

^^  But  the  phases  of  the  earth  differ  essentially  from  those 
of  the  moon,  inasmuch  as  their  intensity,  not  their  magnitude, 
changes  perpetually.  This  phenomenon  is  very  terrestrial, 
and  we  may  be  sure  the  Selenites  have  judged  us  by  it  long 
ago.  Whilst  with  them  all  is  calm,  identical,  constant,  with 
us  everything  changes.  Besides  the  different  lustre  of  dif- 
ferent parts  of  the  terrestrial  sphere,  green  continents,  blue 
seas,  yellow  deserts,  white  poles,  and  grey  lands,  our  atmo- 
sphere is  in  perpetual  commotion.  One  day  it  is  covered  with 
clouds,  and  transmits  to  the  moon  a  uniform  white  light,  the 
^ay  after  it  is  of  limpid  transparency,  and  allows  the  solar 
nght  to  fall  upon  absorbent  green  surfaces.  All  of  a  sudden 
it  will  be  varied  with  flocculent  mountains,  and  varied  mosaics. 
Thus  the  light  the  Selenites  receive  from  the  earth,  the  light 
which  we  call  ^  ashy,'  and  which  we  only  perceive  in  the  moon's 
early  days,  varies  continually  in  intensity, 

^'  This  mobility,  this  perpetual  variation  in  the  aspect  of 
the  earth,  will  have  made  the  Selenites  believe  that  the  earth  is 
uninhabited.  But  on  what  grounds  would  they  form  opinions 
unfavourable  to  its  habitability  ?  They  live  on  a  solid  and  stable 
sphere,  and  can  see  nothing  like  it  on  the  earth.  Can  any 
rational  creature  live  upon  that  permanent  atmospheric  layer 
which  covers  all  the  earth  f  A  Selenite  who  fell  into  it  would 
be  drowned.  Can  it  be  on  that  sheet  of  green  that  washes  the 
greater  portion  of  the  earth  ?  Can  it  be  on  those  clouds  that 
appear  and  disappear  a  hundred  times  a  day  ?  And  then  the 
earth  turns  with  such  velocity ;  it  is  subject  to  so  much  ele- 
mental instability  1  Moreover,  can  we  believe  that  its  in- 
habitants are  people  without  weight,  preserving,  no  one  knows 
how,  a  mean  position  between  the  fixed  and  mobile  elements  ? 
How  can  such  existences  be  believed  ?" 

Having  thus  sketched  out  the  probable  effect  of  the  earth 
upon  the  Selenites  who  see  it  rolling  over  them,  M.  Flam- 
marion  considers  the  position  of  those  who  Uve  on  that  lunar 
hemisphere  which  we  never  see,  and  which  never  sees  us.  He 
distinguishes  the  Selenites  as  Subvolvians  and  PrivolvianSy*  and 
points  out  the  totaUy  different  kind  of  beings  that  may  inhabit 

*  Tbese  not  rery  judidons  names  designate  the  inhabitants  of  the  two  lunar 
hemispheres,  one  seeing  our  globe  oxer  their  heads,  and  the  other  not  seeing  ua 
at  all.  In  reality  it  is  not  a  whole  hemisphere ;  bat  fOa  of  the  moon  that  is  per^ 
manently  hid  from  us. 
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the  two  hemisplieres^  if^  as  is  possible^  the  one  we  do  not  see^ 
possesses  water  and  air.  After  some  other  remarks  he  observ^es^ 
that  the  astronomy  of  the  Selenites  must  appear  so  compli- 
cated as  to  require  the  greatest  penetration  for  its  true  ex- 
planation. "  They  behold  themselves  motionless  in  the  centre 
of  the  universe,  they  see  the  sun  perform  its  circuit  in  29  J 
days,  and  the  stars  in  27^  days.  Those  who  see  the  earth 
will  perceive  that  although  it  appears  almost  immoveable  in 
the  same  part  of  space,  it  goes  round  the  sky  in  29  days. 
They  would  ascribe  these  movements  to  the  sky  and  to  the 
earth.  As  for  thinking  that  they  moved,  and  that  this  earth 
was  the  centre  of  their  movements,  and  that  the  sun  was  the 
centre  of  those  of  the  earth  and  planets ;  this  is  a  notion  to 
which  it  would  be  extremely  difficult  for  them  to  attain. 
Celestial  appearances  are  not  so  complicated  as  seen  from  any 
star  as  from  the  satellites.^' 

"  Less  favoured  than  the  Subvolvian  Selenites,  who  in  their 
transition  from  day  to  night  pass  only  &om  an  intense  to  a 
feeble  light,  the  Piivolvians  have  a  complete  night  of  fifteen 
days.  It  follows  from  experiments  of  Bouguer,  M.  Lambert, 
and  even  from  the  theory  of  Robert  Smith,  that  the  mean 
relation  of  solar  to  lunar  light  is  as  300,000  to  1 ;  the  mean 
relation  between  sun  light  and  full  earth  light  for  the  Selenites 
would  be  as  23,000  to  1.  Those  who  inhabit  the  opposite 
hemisphere  will  have  no  illumination  during  their  night.  But 
perhaps  under  their  unknown  atmosphere  they  light  up  arti- 
ficial suns  for  half  the  year ;  perhaps  nature  furnishes  them 
with  a  special  illumination,  like  the  Auroras  that  illuminate 
our  polar  regions;  perhaps  their  eyes  are  constructed  for 
nocturnal  fife ;  perhaps  they  sleep  like  marmots  during  their 
dark  winter  of  half  a  month.  These  are  all  may  bes ;  but  we 
cannot  doubt  that  nature  has  established  the  Selenites  com- 
fortably in  their  homes ;  and  if  one  of  them  came  here  for  the 
winter  he  would  be  astonished  with  the  enormous  terrestrial 
globe  that  gives  us  a  profusion  of  day  and  night,  and,  like  a  great 
child,  makes  us  play  at  hide  and  seek  all  our  lives.'' — Cosmos, 
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EECENT  MICROSCOPIC  LITBRATXJRB.* 

In  the  last  annual  address  of  the  Presideat  of  the  Microscopi- 
cal Society  of  London^  Mr.  Brooke  stated^  '^  that  no  foreign, 
microscope  that  was  exhibited  (at  the  International  Eizfaibition) 
was  at  all  comparable^  either  in  the  convenience  of  its  mechanic 
cal  or  the  perfection  of  its  optical  arrangements^  with  the  instm- 
ments  of  our  best  makers/'  This  has  been  the  case  pretty 
uniformly  since  the  application  of  the  achromatic  principle  to 
the  construction  of  the  microscope ;  but  it  is  only  recently  that 
our  opticians  have  successMly  competed  with  the  French  in  the 
useftd  task  of  giving  a  serviceable^  though  second  or  third-rate 
instrument^  at  a  low  price.  At  present^  it  would  appear  that  if 
optical  and  mechanical  excellence^  both  carried  to  tiie  highest 
degree  of  perfection,  be  sought  for^  they  will  be  found  in  the 
workshops  of  our  own  great  makers;  while  no  foreign  artist  whose 
productions  we  have  seen  appears  to  give  so  mudi  for  a  little 
money  as  can  be  obtained  in  the  educational  and  student's 
microscopes  of  Smith  and  Beck^  Fillischer,  Baker,  Parkes,  and 
many  others  whose  names  are  familiar  to  all  who  have  paid 
attention  to  this  branch  of  manufacturing  industry  and  scien- 
tific skill*  Almost  the  only  feature  in  foreign  instruments 
which  Mr.  Brooke  commends  to  the  attention  of  English  makers 
is  the  correction  of  certain  objectives  for  immersion  in  water^  a 
form  of  construction  in  which  M.  Hartnack,  who  exhibited  in 
the  French  Department,  excels.  Mr.  Brooke  thus  remarks 
upon  these  glasses: — ^^^A  plate  of  water  should  intervene 
between  the  objective  and  the  covering-glass  of  the  object. 
From  the  increased  facility  of  transmission  of  the  obhqne 
rays  through  a  plate  of  water,  the  quantity  of  Ught  under 
any  given  condition  of  illumination  is  obviously  increased.'' 
He  adds,  "With  a  gth  objective  of  moderate  angular  aper- 
ture, wluch  is  corrected  for  immersion  in  water,  I  have^ 
I  think,  in  some  instances  obtained  better  definition  than 
by  any  other  means.''  Prom  these  remarks  it  wiU  be  seen 
that  the  film  of  water  makes  a  small  angled  glass  work  like 
a  larger  one,  and  although  there  may  be  some  rare  occasions 
in  which  the  plan  deserves  a  preference,  it  cannot  be  so  gene- 
rally useful  or  advisable  as  that  which  our  opticians  have  so 
successfully  carried  out. 

Mr.  Brooke  expresses  himseir  stroTTgly,  as  Dr.  Carpenter 
did  long  ago,  on  the  question  of  [angular  aperture,  which,  he 

*  L'JEiudiant  Miorographe.  Par  Arthur  GheyalUer.  Paris:  Delahaje. 
On  ^Preparing  and  Mounting  Microscopic  Objecis,  Bj  Thomas  Daries.  Haird- 
wicke. 
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affirms^  cannot  be  poshed  ta  extremes  without  sacrifice  of 
penetration.  We  beliere  Mr.  Lister  has  worked  out  this  sub- 
ject more  completely  than  any  one  else,  and  we  think  we  are 
right  in  saying  that,  omitting  mere  surface  markings  of  the 
most  troublesome  diatoms,  roles  could  be  laid  down  showing 
the  most  advantageous  proportions  in  which  angolar  apertore 
and  focal  distance  should  stand  to  each  other  to  ensure  the 
greatest  accoracy  of  definition.  This  subject  is  of  great  prac- 
tical importance,  and  we  regret  that  Mr.  Brooke's  anniversary 
address  was  not  more  explicit  in  dealing  with  it. 

The  best  mode  of  obtaining  great  amplification  depends  in 
no  small  degree  upon  the  angle  of  aperture  question.  Sup- 
pose, for  example,  a  power  of  1500  or  3000  linear  is  required 
for  the  exhibition  of  minute  structure.  How  is  it  best  obtained  ? 
Mr.  Brooke  gives  a  preference  to  lengthening  the  body  of  the 
instrument,  over  the  employment  of  very  deep  eye-pieces;  but 
upon  the  subject  of  deep  objectives  his  statements  do  not 
coincide.  In  his  notes  on  the  microscopes  of  the  Exhibition, 
he  tells  us  that  '^  no  objective  yet  manufactured  for  sale  at  all 
rivals  in  its  power  of  development  the  ^th  of  Messrs.  Powell 
and  Lealand,''  and  in  the  presidential  address  we  find  the  con- 
tradictory assertion  that  he  ^^has  not  hitherfco  succeeded  in 
developing  any  point  of  organic  structure  with  PowelFs  ^th 
that  is  not  equally  visible  with  -^th  by  Eoss.^'  If  -xith  of  Eoss 
and  -^th  of  FoweU  and  Lealand  were  selected  as  of  equal  merit 
in  workmanship,  it  would  still  be  found  that  they  differed  con- 
siderably in  the  proportion  which  their  angles  of  aperture  bore 
to  their  focal  lengths ;  and  it  is  difficult  to  believe  that  the  two 
proportions  are  equally  advantageous.  Messrs.  Powell  and 
Leaiand^s  exquisite  ^th  is  much  more  limited  in  its  range  of 
utiHty  than  their  ^th,  because  the  latter  will  work  through 
thick  covering  glass,  while  the  former  requires  it  to  be  so 
extremely  thin  as  scarcely  to  bear  a  touch.  Messrs.  Smith 
and  Beck's  4^h,  which  has  a  moderate  angle  of  aperture,  is  as 
generally  appUcable  as  a  ^th  or  a  ^th ;  and  this  constitutes  no 
small  proportion  of  its  merit.  Mr.  Boss's  ^th,  as  stated  in  his 
catalogue,  has  an  angular  aperture  of  170''.  Working  angles  of 
aperture  are  nearly  always  mttcA  less  than  those  calculated  by 
opticians ;  but  suppose  Mr.  Boss  made  a  -^th  of  the  same 
working  angle,  or  less  than  that  of  his  ^th,  it  does  not  seem 
possible  that  when  used  to  obtain  the  same  amplification,  they 
should  both  be  equally  advantageous  in  point  of  penetration. 
We  have  tried  and  admired  Boss's  ^^h,  and  that  of  Powell  and 
Lealand  \  but  when  it  is  desired  to  see  the  interior  stanictoro 
and  movements  of  small  objects,  soch  as  desmids  or  infusoria^ 
it  cannot  be  a  matter  of  indifference  whether  a  given  magni* 
fication  is  obtained  by  a  deep  objective  of  moderate  angle. 
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without  the  draw-tube,  and  with  a  first  eye-piece,  or  with  a 
lower  objective  of  actually  larger  angle,  with  a  deeper  eye- 
piece, or  with  a  few  inches  of  draw-tube. 

We  have  heard  an  experienced  microscopist  speak  as  Mr. 
Brooke  does  in  one  of  his  conflicting  remarks,  that  he  could 
see  all  with  his  ^th  that  he  could  see  with  his  -^th;  but  it 
appears  to  us  that  this  question  wants  carefully  working  out 
with  especial  regard  to  penetrating  power.  When  an  object — 
other  than  diatom  lines — ^has  been  seen  with  a  -|th  or  ^th,  can 
it  not  nearly  always  be  shown  by  -Jth  ?  A  good  -Jth  will  work 
well  up  700  or  800  or  1 000  linear,  and  most  things  that  can 
be  seen  with  2000  linear  can  be  made  out  with  half  that  power 
when  their  existence  is  known. 

We  are  abandoning  excessive  angles  of  aperture  in  this 
country,  and  the  Americans  are  resorting  to  them.  This  will 
give  rise  to  inquiry  as  to  the  value  of  their  observations, 
and  when  such  observations  necessarily  require  penetration, 
accompanied  by  fine  definition,  we  should  be  disposed  to  doubt 
the  correctness  of  the  appearances  brought  out  by  objectives  in 
which  the  angle  of  aperture  was  very  large  in  proportion  to 
focal  length. 

So  long  as  microscopic  students  are  merely  engaged  in  lay- 
ing the  foundation  for  original  inquiry  it  may  be  doubted 
whether  they  will  do  any  good  with  a  magnification  of  more 
than  500  linear,  but  when  original  inquiry  begins,  high  powers 
become  indispensable,  and  the  best  mode  of  obtaining  them 
is  an  important  consideration,  on  which  we  should  recommend 
new  and  careful  experiments  to  be  made. 

Passing  from  points  which  experienced  microscopists  are 
alone  qualified  to  discuss,  we  come  to  subjects  of  more  general 
interest,  and  congratulate  Mr.  Davies  on  the  aid  he  has  afforded 
to  microscopic  students  by  his  compactf  work  on  preparing  and 
mounting  microscopic  objects.  His  book  is  necessarily  and 
avowedly  in  the  main  a  compilation,  but  the  reader  has  also 
the  advantage  of  the  author's  personal  experience,  and  will 
derive  much  information,  not  only  with  respect  to  different 
methods  of  mounting,  but  likewise  concerning  the  treatment 
which  particular  objects  require.  The  instruction  ranges  over 
a  wide  field,  comprehending  diatoms,  desmids,  sections  of 
organic  and  mineral  substances,  anatomical  preparations,  dis- 
sections, etc.,  and  the  directions  are  given  in  a  clear,  agreeable 
style. 

In  mounting  objects  it  is  customary  to  use  Canada  balsam 
thinned  with  spirits  of  turpentine  or  camphine ;  but  it  is  often 
desirable  to  obtain  the  resinous  matter  in  a  more  liquid  and 
volatile  solution.  One  good  plan  is  to  dissolve  thick  balsam 
in  wood  naphtha,  or  pyroligneous  ether,  which  is  by  far  the  best 
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solvent  for  cleaning  slides.  Another  plan  is  to  use  chloroform^ 
as  Mr.  Davies  thus  describes : — "  The  balsam  is  exposed  to 
heat  until  on  cooling  it  assumes  a  glassy  appearance ;  it  is  then 
dissolved  in  pure  chloroform  until  it  becomes  of  the  consistence 
of  thick  varnish.  This  Uquid  is  very  convenient  in  some 
cases^  as  air  bubbles  are  much  more  easily  got  rid  of  than  when 
undiluted  Canada  balsam  is  used.     It  also  dries  readily/' 

We  shall  make  one  more  extract  from  Mr.  Davies,  relating 
to  the  treatment  of  the  Equisetaceae,  which  are  now  growing 
in  easily  accessible  places.  He  is  speaking  of  their  preparation 
for  the  polariscope,  and  tells  us,  "  Some  of  these  plants,  in- 
cluding many  of  the  grasses  and  Equisetacese  {i.e.,  horsetails), 
contain  so  large  a  quantity  of  silica,  that  when  the  vegetable 
and  other  perishable  parts  are  removed,  a  skeleton  of  wonderful 
perfection  remains.  This  skeleton  must  be  mounted  in  balsam, 
the  method  of  preparing  which  will  now  be  considered.^' 

"  Sometimes  the  outside  of  the  Equisetum  is  removed  from 
the  plant,  others  dry  the  stem  under  pressure,  whilst  the 
grasses  of  course  require  no  preparation.  The  vegetable 
should  be  immersed  in  strong  nitric  acid,  and  boiled  for  a 
short  time ;  an  effervescence  will  go  on  as  the  alkalies  are  being 
removed,  and  when  this  has  ceased  more  acid  should  be  added. 
At  this  point  the  modes  of  treatment  differ ;  some  remove  the 
object  from  the  acid,  and  wash,  and  having  dried,  burn  it  upon 
thin  glass  until  all  appears  white,  when  it  must  be  carefully 
mounted  in  balsam.  I  think,  however,  it  is  better  to  leave  it 
in  strong  acid  until  all  the  substances,  except  the  required 
portion,  is  removed ;  but  this  will  take  a  length  of  time,  vary- 
ing according  to  the  mass,  etc.,  of  the  plant.  Of  course, 
when  this  latter  method  is  used,  the  skeleton  must  be  washed 
from  the  acid,  etc.,  before  being  mounted  in  balsam.'' 

M.  GhevaJlier's  book  is  an  effort,  on  a  smaller  scale  and 
less  comprehensive  plan,  to  do  for  French  students  what  Dr. 
Carpenter's  work  on  the  microscope  has  accomplished  for  our 
own.  From  his  pages  we  conclude  that  many  desirable  ac- 
cessories for  the  illumination  of  both  opaque  and  trans- 
parent objects  that  are  commonly  employed  in  England  are 
little  used  in  France,  and  the  chapter  on  Test  Objects,  mainly 
founded  on  experiments  so  old  as  those  of  Dr.  Goring,  would 
not  in  this  country  be  considered  up  to  date.  The  student  is 
taught,  for  example,  to  be  satisfied  with  a  definition  of  the 
Podnra  scale,  far  below  what  would  be  given  by  a  fair  second- 
rate  quarter-inch  of  English  make. 

M.  Chevallier  recommends  distilling  a  liquid  from  Canada 
balsam,  in  order  to  obtain  a  fluid  weU  adapted  to  thin  other 
specimens  of  the  balsam,  or  to  soak  objects  in,  that  are  in- 
tended to  be  mounted  in  it.      He  likewise  recommends  a 
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varnish  made  hy  dissolving  copal  in  essential  oil  of  lavender. 
A  drop  of  this  varnish  is  placed  on  the  slide,  the  object  laid  on 
it,  covered  with  thin  glass,  and  set  aside  in  a  warm  place  for 
a  few  days.  Another  vamish,  which  he  affirms  to  give  ex- 
cellent results,  is  composed  of — 

Canada  balsam 30  grammes. 

Tears  of  mastic,  powdered  .     10        „ 
Chloroform  in  sufficient  quantity. 

The  chapters  on  preparing  objects  are  very  good,  but  most 
of  the  information  is  the  same  as  that  given  in  Mr.  Davies's 
work.  M.  Chevallier,  as  the  latest  contribution  to  ttiis  subject, 
gives  the  following  process,  modified  from  that  prepared  by 
Mr.  Leader  of  Philadelphia.  He  says,  "  I  have  lately  tried  a 
new  compound  which  has  given  very  good  results,  with  Navi- 
cula9  and  other  delicate  objects.  Here  is  the  formula :— In 
80  grammes  of  chloroform  dissolve  1  gramme  of  caoutchouc. 
When  the  solution  is  effected,  add  tears  of  mastic  until  a 
syrupy  or  demi-syrupy  consistence  is  obtained/'  The  object 
IS  put  in  a  drop  of  this  solution  on  a  slide,  gently  pressed  and 
allowed  a  day  to  dry,  after  which  the  edges  of  the  covering 
glass  are  varnished.  It  is  said  to  be  perfectly  transparent  and 
unalterable. 

Before  leaving  the  subject  of  mounting,  we  must  aUude  to 
Mr.  Preestone^s  new  mounting-table,  described  by  Mr.  Goddard 
in  the  Quarterly  Journal  of  Microscopic  Science  for  April,  1864, 
p.  45.  The  object  of  Mr.  Freestone's  invention  is  to  dry  and 
harden  slides  rapidly,  without  injury  to  the  objects. 

''It  consists  of  a  plate  of  brass  12  inches  by  3,  and  one- 
eighth  of  an  inch  thick.  Upon  this,  two  pieces  of  metal  of  the 
same  thickness,  and  12  inches  by  1,  are  riveted,  leaving  a 
clear  space  one  inch  wide  in  the  centre  of  the  plate ;  the  whole 
being  supported  on  tubular  legs  seven  or  eight  inches  high.'' 
The  slides  are  laid  across  this  table,  which  is  heated  by  a  spirit 
lamp  underneath,  and  from  the  form  of  the  table  the  part  of  the 
slide  containing  the  object  does  not  touch  the  brass  plate,  but 
is  heated  by  conduction,  radiation,  and  by  currents  of  hot  air. 
Mr.  Goddard  states  that  deUcate  sea- weeds,  such  as  Plocamium 
and  Cladophora,  can  be  mounted  in  balsam  by  the  aid  of  this 
apparatus  without  losing  their  colour. 

We  do  not  observe  in  M.  Chevallier's  work  many  allusions 
to  articles  of  apparatus  not  well  known  in  this  country ;  but 
the  "  variable  objective"  invented  by  his  father  we  have  not 
had  an  opportunity  of  seeing,  and,  fit)m  the  description,  it 
^?f  ^*  ^®  ^^^  handy.  '^  It  is  composed  of  two  brass  tubes 
sliding  one  in  the  other ;  and  at  the  extremity  of  each  tube  is 
an  achromatic  lens  of  long  focus.    .    .    By  means  of  the 
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sliding  tube^  the  two  links  may  be  separated  or  approximated 
so  as  to  give  a  greater  or  smaller  magniiScation/' 

M.  CkeTBUier's  work  is,  in  many  respects,  well  e!x6onted ; 
but  we  regret  that  in  describing  the  Inftisoria  he  follows  the 
classification  of  Muller^  aocordmg  to  which  rotifiers  are  con- 
founded with  the  vorticellids,  because  both  make  whirlpools 
by  means  of  their  cilia,  a  fact  not  quite  true  of  the  flosoularians, 
and  which,  taken  by  itself,  affords  httle  clue  to  either  afiBnities 
or  structure. 


EXOGENOUS  SEEDS  AND  FEEN  SPOEES.* 

BT  B.  DAWBOF,   M.B.,   LONDON. 
(With  a  Tinted  Flate:) 

Balfour,  in  his  Manual  of  Botany y  says,  "  The  embryo  varies 
in  its  structure  in  different  divisions  of  the  vegetable  kingdom. 
In  Acrogenous  and  Thallogenous  plants  it  continues  as  a  cell 
or  spore,  with  granular  matter  in  its  interior,  without  am,y 
separation  of  parts  or  the  proctuction  of  cotyledons.  Hence 
these  plants  are  called  Acotyledonous/' 

Further  on  he  says,  ''  The  spore  of  Acotyledonous  plants 
is  a  cellular  body,  from  which  a  new  plant  is  produced.  Ger- 
mination takes  place  in  any  part  of  its  surfa^,  and  not  from, 
fixed  points/^ 

Moore,  on  British  Ferns,  defines  spores  much  the  same ; 
describing  the  determined  points  in  seeds,  the  cotyledons,  the 
ascending  and  descendiug '  axes,  and  then,  contrasting  the 
development  of  fems^  spores,  says,  "  On  the  contrary,  they 
consist  merely  of  a  small  vesicle  of  cellular  tissue,  growing 
indifferently  from  any  part  of  its  surface^'  {Hamd-booh  of  British 
Ferns).  Carpenter  on  the  Microscope,  Lindley^s  Vegetable 
Kingdom,  etc.,  all  have  a  like  idea.  The  above,  then,  is  the 
received  opinion  of  the  present  day  relating  to  the  growth  of 
the  fern  spore.  See  also  HofmeistePs  elaborate  work,  published 
by  the  Bay  Society. 

These  same  high  authorities  also  state  and  believe  that 
ferns  germinate  by  bodies  called  antherozoids  or  males,  coming 
into  connection  with  archegonia  or  females,  and  this  occurs  on 
the  first-formed  body  from  the  spores,  called  prothaUium. 

The  first  part  of  these  statements,  as  far  as  I  can  learn, 
has  never  been  questioned ;  the  latter  has,  though  now  uni- 
versally accepted.  I  proceed  to  disprove  the  first  statement, 
entirely,  and  I  hope  to  throw  discredit  on  the  last. 

A  seed  in  its  simplest  form,  such  as  seen  in  the  mistletoe^ 

*  This  paper  ym  read  befoi-e  the  Brighton  and  BnsBez  Nattind  Hlitorj  Sociefy. 
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is  composed  of  a  cell  called  a  nucleus^  within  wluch  is  the 

ferminal  sac^  containing  the  germinal  vesicle.  In  the  amniotic 
aid^  attached  to  the  germ  sac^  is  the  snspensor.  If  the 
mature  germ  fill  merely  its  sac^  the  rest  of  the  nucleus  is  filled 
with  vegetable  albumen  (see  CampanulaceaB)^  or  the  germ  may 
fill  both  its  sac  and  nucleus  (see  Compositaa). 

Now  this  germ  sac  is  formed  by  a  depression  at  the  apex 
of  the  nucleus,  the  edges  meeting ;  but  at  the  point  where 
they  meet  is  the  spot  where  the  fixture  root  will  make  its  first 
appearance.  Whatever  coverings  may  grow  over  the  seed, 
they  avoid  this  spot,  which,  in  time,  becomes  a  little  hole,  and 
called  the  foramen  or  micropyle,  marking  the  organic  apex 
of  the  nucleus.  The  organic  base  is  marked  by  the  chalaza, 
where  are  seen  fibro-vascular  bundles  passing  forwards  from 
the  funis  or  umbilical  cord  to  the  nucleus. 

The  hilum  marks  where  the  fimis  joins  the  seed  to  the 
placenta. 

The  nucleus  may  simply  be  an  erect  ovule,  when  the  base 
will  correspond  with  the  hilum,  or  it  may  make  a  procession 
till  the  apex  comes  down  to  the  hilum,  or  may  retain  any 
intermediate  position.  Moreover,  the  nutrient  matter  may 
make  a  bend  on  itself,  in  which  case  the  seed  will  be  said  to 
be  camptotropal  or  curved  like  a  horse- shoe. 

Around  the  nucleus  may  be  coverings,  called  intine  and 
extine,  being  developed  from  its  base.  Moreover,  it  may 
have  another  covering,  as  in  the  mace  or  spindle-tree,  called 
an  arillus,  developed  from  the  chalaza  or  from  around  the 
foramen. 

A  perfect  seed,  therefore,  consists  of  a  nucleus,  a  germ, 
and  a  germ  sac,  which  latter  contains  the  embryo  of  an 
ascending  and  descending  axis,  together  with  nutrient  matter, 
having  a  foramen  of  exit  and  certain  coverings. 

When  a  seed  begins  to  grow,  having  imbibed  water,  the 
radix  pushes  forward  through  the  foramen,  and  if  the  coats 
of  the  seed  be  thin,  they  rupture  irregularly  from  the  pres- 
sure, so  that,  at  first  sight,  it  would  seem  as  though  there 
were  no  foramen.  While  the  radix  pushes  its  way  out,  the 
nutrient  matter  within  has  been  undergoing  changes :  starch 
becomes,  through  diastase,  dextrine  and  grape  sugar.  Mean- 
while the  germinal  spot  has  arranged  itself,  and  the  plumule 
or  ascending  axis  can  be  traced ;  the  nutrient  matter  supplying 
sustenance  to  the  several  parts,  as  in  wheat  or  barley ;  or  else 
it  forms  itself  into  primary  leaves,  as  in  the  bean  or  mustard, 
not  having  enough  matter  in  itself  entirely  to  nourish  the 
plumule.  Therefore  these  leaves  elaborate  matter  taken  from 
the  ground  by  the  radix,  and  so  indirectly  support  it. 

If  the  spores  of  ferns  be   carefully  examined,  there  will 
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be  seen  on  all   markiDgs^   Bach   as  seen  in  Plate  (Figs.   1 
to  7).     What  are  these  markings? 

If  a  spore  be  examined  when  young  and  transparent  (Fig.  8, 
Platycerium  alcycome),  it  will  be  noticed  that  there  is  an 
outer  covering  and  an  inner  lining  membrane  filled  with  clear 
homogeneous  matter,  and  invariably,  near  the  marking  above 
named,  a  compound  body  in  a  sac ;  attached  to  the  sides  of 
which,  proceeding  from  the  marking  to  the  body,  are  two 
small  processes  if  the  body  be  in  the  centre  of  the  marking, 
but  one,  if  it  be  to  the  side.  If  the  mature  spore  of  the  same 
plant  be  examined,  it  will  be  found,  as  at  Fig.  7,  filled  with  a 
mass  of  yellow  refractive  globules,  and  the  nucleus  will  with 
difficulty  be  made  out;  but  if  some  reagents,  such  as  glycerine, 
be  added,  the  globules  will  become  transparent,  and  the 
nucleus  revealed  again.  These  globules  are  the  homogeneous 
matter  before  named,  plus  other  matter  imbibed.  If  a  mature 
spore  be  grown  and  watched  from  time  to  time,  the  following  re- 
sults : — The  spore  swells,  at  the  marking  before  named  a  peculiar 
body  appears  (e.  Fig.  9).  This  pushes  its  way  through  the 
marking,  as  seen  by  the  dotted  lines,  and  so  the  cell  is 
ruptured.  This  marking  proves  itself  to  be  a  vaginal  opening, 
or,  in  other  words,  a  foramen  (f),  and  the  body  which  has  pushed 
out,  a  radix.  While  this  change  has  been  going  on,  a  corres- 
ponding alteration  has  ensued  within  the  spore.  At  the 
upper  part  a  cluster  (a)  of  green  bodies  has  appeared  precisely 
similar  to  those  seen  afterwards  in  all  the  cells  of  the  pro- 
thallium,  while  the  globules  of  matter  have  shrunk  into  a  mass  (e) 
not  large  enough  now  to  fill  the  cell  (b)  .  Meanwhile  the  cells  at 
A  have  constituted  themselves  into  a  new  cell  (c),  excluding 
B ;  c  takes  another  cell  (n),  and  this  again  another,  and  so  on 
till  a  body  of  the  form  of  Fig.  18  is  formed,  which  is  called 
the  prothallium.  While  A  has  been  undergoing  these  changes, 
B^s  matter  has  wasted  entirely  away ;  a  few  cells,  such  as  seen 
in  A,  are  within  it,  but  its  future  destiny  is  not  absolutely 
traced. 

For  convenience  I  will  name  all  these  described  parts.  The 
spore  is  a  nucleus  with  a  covering;  it  contains  a  germinal 
vesicle  in  a  sac.  The  opening  in  the  spore  covering  is  the 
foramen.  When  the  spore  grows,  the  radix  forces  open  the 
foramen,  while  the  primary  germ  has  been  undergoing  a 
change.  This  reads  very  like  the  description  of  a  seed; 
and  the  similitude  does  not  merely  extend  to  appearance,  but 
the  functions  of  both  are  aUke.  The  only  difficulty  is  in  the 
prothallium,  which  appears,  at  first  sight,  to  have  no  analogy 
in  the  seed,  though,  in  fact,  the  cotyledons  in  the  mustard 
and  the  prothallium  in  the  fern  are  identical,  answering  the 
purpose  of  developing  the  plumule.    I  have  hitherto,  as  fisir  as 
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possible^  avoided  this  word  cotyledon^  and  liave  need  nntrient 
matter^  for  it  signifies  not  what  the  form  of  the  matter,  its 
function  is  the  same^  viz.,  directly  to  nourish  the  radix^  directly 
.and  indirectly  to  nourish  the  plumule.  Now^  in  the  wheat  it 
.  simply  supplies  nourishment  to  both  till  it  is  exhausted^  being 
sufficient^  all  things  being  equals  to  develop  the  young  plant 
till  it  is  able  to  gain  its  own  sustenance.  But  in  the  musta^ 
.it  is  the  reverse ;  there  the  nutrient  matter  is  not  sufficient  to 
support  the  radrs:  and  plnmule  entirely^  so  it  changes  itself 
into  leaves,  whereby  matter  taken  up  by  the  radix  may  go  to 
the  support  of  the  plumule ;  and  this  is  proved  by  seeing  the 
leaves  in  fiill  vigour,  when  the  plumule  oan  scarce  be  traced. 
Moreover,  when  the  plumule  is  once  established,  these  leaves 
waste  and  die,  or,  if  they  be  plucked  off,  the  plnmule  will  not 
appear.  Now  the  proof  that  this  matter  in  the  spore  nucleus 
is  nutrient,  is  seen  in  its  wasting  in  proportion  as  the  radix 
and  primary  ceU  develop,  during  aU  which  time  those  cells 
which  have  to  develop  into  the  future  fern  are  quite  rudi- 
mentary, and  not  traced  for  a  certainty  as  yet.  Now  the 
mustard  cotyledons  are  only  the  rudiments  of  the  two  coty- 
ledonary  leaves,  for  it  can  be  seen  that  these  latter  grow. 
But  the  prothallium  is  but  an  elaboration  of  the  cell  (a), 
derived  from  the  nutrient  matter  (b).  The  question  is  one, 
therefore,  only  of  degree;  and  if  mustard  has  one  or  more 
cotyledons,  the  spore  must  have  the  same.  We  need  no 
fanciful  resemblances,  or  else,  to  look  at  the  prothallium,  we 
could  imagine  two  cotyledons  in  one.  I  have  said  that  a  seed 
has  a  suspensor ;  I  have  pointed  out  bodies  attached  to  the 
primary  vesicle  of  a  like  kind.  Moreover,  seeds  have  an 
arillus  or  extra  covering.  Figs.  4  and  6  show  a  covering 
around  many  kinds  of  spores.  4'  6'  mark  the  appearance  of 
young  spores  of  the  same  kind,  showing  that,  at  one  stage 
of  existence,  the  spore  has  not  this  covering ;  in  &ct,  eveiy 
intermediate  stage  may  be  seen. 

It  can  be  clearly  demonstrated  that,  at  the  point  f,  which 
marks  the  foramen,  the  hilum  also  exists;  but  the  analogy 
between  a  seed  and  a  spore  is,  I  think,  sufficiently  perfect. 
What  have  I  done  then  ?  I  have  made  my  fern  to  partake 
of  the  nature  of  a  flowering  plant  minus  the  flower.  And  now 
one  word  as  to  JUidal  sponsalia.    Where  is  the  marriage-bed  ? 

Flowers  have  an  infancy  and  manhood,  and  in  this  last  pro- 
per time  they  generate  their  species.  Flowers  are  not  peculiar, 
animalR  do  the  same;  in  fact,  save  in  one  solitary  case, 
throughout  animated  nature,  no  individual  is  said  to  beget 
its  oflspring  before  its  own  proper  self  has  any  existence. 
Incredible  as  it  may  seem,  one  plant  is  believed  by  all  scien- 
tific men  to-day,  to  be  begotten,  to  have  all  its  own  oflspring 
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pre-begotten  and  pre-destmed^  before  that  solitary  individual 
has  made  its  appearance  or  de  facto,  is — ^and  that  one  plant 
a  Pern. 

Sumniski  and  Mercklin  affirm^  and  men  believe  them^  that 
on  the  prothallium^  before  the  fern  has  any  beings  two  bodies 
exists  male  and  female ;  that  the  males^  enclosed  in  their  own 
proper  envelope^  live  in  cells^  which  from  time  to  time  burst, 
setting  free  their  occupants,  which  are  individuals  with  a  club- 
head,  uke  a  spermatozoa,  aspijcaltail,  and  six  cilia  at  the  head ; 
that  the  females  are  small  pyramids  of  cells,  having  at  the 
bases  the  germinal  spot,  at  tiie  apex  an  opening ;  that  the  males 
enter  the  pyramids,  and  passing  down  a  straight  tube,  effect 
the  conjunction  required ;  that  from  this  spot  the  future  fern 
grows,  already  pre-destined  and  pre-impregnated  for  the  yeeu:s 
or  ages  of  its  life. 

The  story  is  too  romantic,  the  compromise  between  animal 
and  vegetable  ini|>reg&Ation  too  obvious  to  be  real ;  besides,  what 
are  the  cilia  and  curved  tailfor,  impcdnaents  rather  than  aids 
to  going  down  a  straight  tube,  and  cilia  are  for  swimming,  but 
where  has  the  Leander  to  swim  to  his  Hero  ?     Moreover,  these 
so-called  males  and  females  are  not  a  few,  but  many,  at  the 
base  of  the  prothallium,  to  the  right  and  left  of  the  centre  line 
— how  strange  that  never  more  thai  ose^female  becomes  im- 
pregnated, and  that  only  one  £Bm^T8etilts  from  so  much  gene- 
rative matter,  aad  on  one  {milltalliam.    Again,  how  strange 
that  this  fern  which  does  result,  occurs  in  the  middle  line 
invariably,  and  never  to  the  sides,  although  females  are  as 
many  at  the  sides  as  middle.     I  have  carefuily  observed  these 
bodies,  which  are  clearly  to  a  demonstration  nothing  but  roots 
and  stomata  in  all  stages  of  development ;  that  by  the  pressure 
of  the  covering-glass  the  contents  of  the  young  ones  may 
escape,  but  that  they  have  tails  and  whiskers  is  pure  imagina- 
tion.  These  same  bodies  may  be  seen  clearly  in  the  radix  from 
the  very  outset,  and  have  nothing  whatever  to  do  with  impreg- 
nation ;  at  a  future  time  I  will  illustrate  this  more  fully.     For 
the  present,  however,  ferns  are  still  Cryptogamia,  and  their 
conjunction  to  be  found  out ;  but  we  have  one  aid  furnished  us 
by  this  inquiry,  a  spore  is  a  seed,  a  seed  came  from  an  adult 
plant,  nor  was  it  formed  on  a  cotyledon-placenta.     We  most 
look,  then,  to  the  adult  fern  for  its  two  elements,  and  there 
we  find  evidence  enough  for  demonstration. 

I  have  omitted  to  note  the  form  of  the  fern  ovule  :  if  what 
is  affirmed  be  true,  the  cotyledon  must  be  curved  on  the  germ. 
The  foramen  and  hilum  corresponding,  we  shall,  therefore, 
have  a  camptotropal  ovule.  In  another  paper,  I  hope  to  give 
sufficient  evidence  of  the  impregnation  of  adult  ferns,  and  that 
occurring  where  the  firuit  is  found. 


Star  FollowiTu/. 


STAB  FOLLOWING. 

BY     BET.    E.   L.    BEBTHON,     H.A. 

In  the  Ibtellbctdal  Obseeteb  for  May  (No,  xxviii,  p.  290), 
a  descriptioD  is  given  of  ccmvenient  methods  of  following  the 
heavenly  bodies  in  their  apparent  couraes,  with  a  telescope 
moonted  on  a  new  table-stand;  but  as  the  woodcut  necessaiy 
to  make  it  iutelligible  was  accidentally  omitted,  the  object  of 
these  few  lines  is  to  supply  that  deficiency;  and  the  accom- 
panying illustration  is  to  be  understood  aa  belonging  to  that 
description. 


The  reader  is  also  requested  to  refer  to  the  Intellectual 
Observer  for  November,  1863,  No.  xxii.  p.  283,  for  a  drawing 
and  specification  of  the  stand,  to  which  these  recent  improve- 
ments are  added. 

The  writer  further  embraces  this  opportunity  of  offering  a 
few  remarks  upon  the  advantages  of  good  stands  for  astrono- 
mical telescopes. 

Although  equatoreals  are  becoming  daily  more  common, 
they  will  never,  for  obvious  reasons,  entirely  supersede  those 
possessing  horizontal  and  vertical  motions;  and  to  combine 
these  two  movements  together  to  produce  an  even  course  with- 
out vibrations,  or  a  succession  of  jerks,  is  a  considerable  step 
in  the  improvement  of  table-stands  and  in  increasing  the  efiec- 
tiveness  of  the  optical  instrument  so  mounted,  and  the  com- 
fort enjoyed  in  its  use. 

The  two  chief  desiderata  in  a  stand  are — 

Ist.  That  it  be  steady  and  free  from  vibrations. 

2nd.  That  the  least  possible  exertion  be  required  to  set  and 
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keep  it  in  motion^  for  in  the  more  delicate  observations  the 
observer  is  often  sadly  distracted  by  his  efforts^  owing  to  the 
imperfection  of  his  standi  to  keep  the  object  steadily  in  the 
centre  of  the  field  of  view. 

It  has  been  remarked  by  eminent  astronomers^  that  an 
inferior  telescope  on  a  good  stand  will  do  more  than  the  best 
instroment  badly  mounted ;  that  recommended  by  the  inventor 
in  this  and  the  previous  articles,  combines  the  advantages  of 
great  steadiness  and  comfort  in  use  in  a  high  degree.  It  will 
be  observed  that  the  forces  which  produce  motion  both  in 
azimuth  and  altitude  are  exerted  on  the  base  of  the  standi  and 
that  the  tube  is  never  touched ;  there  is^  therefore^  as  little 
proportional  tendency  to  shake  it  as  there  would  be  to  shake 
a  tree  by  appljring  force  to  its  roots^  instead  of  seizing  its 
branches.  Besides^  the  telescope  is  not  held  by  one  joint  only^ 
but  it  is  actually  supported  on  four  trunnions^  the  long  side- 
arms  doing  duty  as  bearers  as  well  as  steadying-rods. 

Although  this  construction  may  not  be  adopted  for  sale  by 
opticians  as  being  less  portable^  and  not  so  easily  packed  in  a 
case  as  the  pillar-and-claw  stand,  it  will  be  found  very  de- 
lightful to  amateurs,  who,  if  possessed  of  a  little  mechanical 
skiU,  and  with  the  aid  of  a  joiner  and  tinman,  may  erect  one 
for  a  small  sum.  The  tripod  stand  for  out-of-door  service  is 
very  much  used,  but  it  is  not  a  comfortable  arrangement, 
especially  in  any  of  the  more  deUcate  observations;  if  the 
astronomer  stand  up  he  finds  it  difficult  to  keep  his  head 
steady,  and  to  sit  down  in  the  open  air  is  not  always  pleasant 
in  a  winter  night. 

Mr.  Bird  in  the  last  number  of  the  Intellectual  Obsbkvbb, 
p.  242,  remarking  upon  the  almost  necessity  of  comfort  to  the 
observer,  if  he  would  make  anything  of  minute  details  in  the 
Stellar  or  Planetary  Orbs,  says,  "  To  do  any  of  these  things 
effectively  in  the  open  air,  with  one's  telescope  agitated  by  the 
passing  wind  and  a  body  shivering  with  cold,  is  clearly  next  to 
impossible.'' 

The  strong  recommendation  of  this  gentleman,  who  haa 
done  so  much  with  silvered  specula,  that  amateurs  should  pro- 
vide themselves  and  their  instruments  with  the  genial  shelter  of 
a  cheap  observatory,  cannot  be  followed  too  soon  or  too  gene- 
rally ;  but  the  writer,  having  the  same  end  in  view,  hopes  that 
the  above-named  very  intelUgent  astronomer  will  pardon  him 
for  stating  that  though  cheap,  his  is  not  the  cJieapest  obser- 
vatory, he  (the  writer)  having  himself  erected  one  for  half  the 
money,  which  he  most  strongly  recommends  to  the  consider- 
ation of  all  amateurs  who  possess  a  garden  or  other  ground 
with  tolerable  sky-view ;  it  is  extremely  pretty  both  externally 
and  internally,  and  forms  a  most  pleasing  ornament  to  a  garden 
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or  pleasure  ground.  It  was  built  last  summer^  and  answers 
adroirably^  being  10  feet  clear  in  diameter  inside^  and  10  feet 
6  inches  high  to  the  apex  of  its  roof^  which  is  conical  and 
opens  to  every  part  of  the  sky,  from  the  horizon  to  the  zenith. 
Although  Mr.  Bird^s  observatory  cost  certainly  very  little, 
£14,  that  possessed  by  the  writer  cost  him  less  than  £6, 
and  it  might  be  built  anywhere  for  £7.  As  the  luxury  of  such 
a  pleasing  retreat  to  the  student  of  the  noble  science  of 
astronomy  is  immense,  it  is  presumed  that  many  a  shivering 
dilettante  would  be  glad  to  possess  one  if  put  in  the  way  to 
obtain  it  for  so  small  a  sum.  The  writer,  therefore,  would  be 
happy  to  publish,  in  a  future  number  of  the  Intellectual  Ob- 
SSBVEB,  if  agreeable  to  the  editor,  a  full  description  of  a  cheap 
and  ornamental  observatory,  such  as  any  village  carpenter 
could  build  in  about  a  fortnight. 


A  SUPPOSED  NEW  ACINETA. 

BT    HEKBT  J.   SLACK,   F.Q.8., 
Member  of  the  Microscopical  Society  of  London. 
{WUk  cm  lUuitraium,) 

On  the  22nd  April  I  spent  a  couple  of  hours  at  Bndleigh 
Salterton,  South  X)evon.  At  this  little  place  the  Otter  enters 
the  sea,  forming,  for  so  small  a  stream,  a  somewhat  large 
estuary,  which  low  water  reduces  to  a  mud  flat,  through  which 
the  river  runs  in  one  principal  and  some  subsidiary  channels, 
the  latter,  no  doubt,  subject  to  much  variation.  At  the  time  of 
my  visit,  one  of  these  little  channels,  a  few  feet  to  the  west  of 
the  principal  one,  was  full  of  seaweeds,  on  which  I  noticed 
diatoms  growing.  A  tuft  of  fine  weed,  covered  with  SynedraB, 
was  put  into  a  bottle,  and  on  examination  disclosed  a  number 
of  Cothumi80,  or  creatures  resembling  Vorticellids,  but  in- 
habiting elegant  glass-like  cups,  supported  on  stalks.  One  of 
these  is  shown  in  Fig.  1.  These,  although  very  pretty  objects, 
did  not  detain  my  attention,  as  I  had  often  seen  them  before ; 
but  I  was  surprised  to  find  in  other  cups,  not  in  any  way  to  be 
distinguished  from  those  in  which  Cotiiumise  were  living,  a 
creature  differing  from  anything  I  had  previously  met  with. 
My  first  impression,  on  seeing  a  row  of  cyHndrical  and  stiff 
tentacles,  was  that  I  had  found  a  small  polyzoon;  but,  on 
viewing  it  with  a  higher  power,  I  saw  that  the  tentacles  were 
not  ciliated,  and  I  could  not  discern  a  trace  of  internal  organs 
proper  to  so  high  a  group.  Polyps  the  animals  certainly  were 
not,  and  my  puzzle  increased.     The  Cothumian  lives  in  bis  cup 
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or  bottle  in  an  intelligible  way.  He  stands  upon  a  footstalk^ 
or  tailfoot^  and  jumps  np  and  down  as  he  likes.  The  new  crea- 
tures were^  on  the  contrary^  suspended  near  the  mouth,  as 
shown  in  Pig.  2.  The  cups  of  the  Cothurnians,  and  of  their 
strange  companions,  were  so  transparent,  so  clean,  and  so  thin 
near  the  edges,  that  their  rims  wanted  careful  illumination  to 
make  out,  and  I  did  not  succeed  in  determining  precisely  how 
the  new  creatures  were  moored.  In  favourable  specimens  I 
saw  two  delicate  lines,  as  in  Fig.  2,  which  did  not,  with  any 
power  or  illumination,  look  like  cords;  but  which  I  sup- 
posed represented  a  veiy  fiue  membrane  going  all  round  the 
animaPs  body,  and  probably  forming  an  inversion  of  the  cup 
rim.  The  animals  were  very  sluggish;  but  occasionally  the 
group  of  tentacles  would  be  retracted,  though  not  perfectly. 
In  this  state  they  were  like  a  row  of  regular  teeth.  Slowly  they 
were  protruded,  generally  not  more  than  in  Fig.  2,  but  in  one 
specimen,  as  fiilly  as  Fig.  3,  which  is  drawn  on  a  larger  scale. 
I  looked  in  vain  for  positive  organs  in  the  little  granular  lump 
of  sarcode  that  formed  the  body.  At  first  I  thought  I  made  out 
a  contractile  vesicle ;  but  I  could  see  no  regular  expansion  and 
contraction.  The  sarcode  mass  varied  in  details  in  different 
individuals.  In  some,  large  granules  and  vacuoles  were  dis- 
cernible ;  in  others,  both  granules  and  vacuoles  were  small. 
Most  of  them,  in  shape  of  body,  resembled  Figs.  2  and  3,  and 
did  not  occupy  more  of  the  cup.  One,  however,  departed  from 
this  rule  in  two  particulars ;  first,  his  body  was  large,  and,  at 
the  hinder  part,  was  what  might  be  taken  for  the  remains  of  a 
tailfoot :  secondly,  instead  of  a  simple  row  of  tentacles,  he  had 
some  perched  on  a  boss  of  sarcode,  as  shown  in  Fig.  4,  where 
the  dots  represent  three  tentacles  fore-shortened. 

Another  case  presented  a  still  more  curious  peculiarity, 
as  shown  in  Figs.  5  and  6.  There  was  nothing  to  determine 
what  the  two  portions  were  about.  It  could  scarcely  have 
been  fission,  because  the  larger  and  smaller  portions  were  each 
in  a  separate  cup  or  bottle,  the  upper  one  having  no  stalk. 
Was  it  conjunction  ?  I  do  not  know.  I  watched  them  for  about 
three  hours,  then  checked  the  evaporation  of  the  water  drop 
imder  the  thin  glass  cover,  by  running  a  little  wax  from  a 
vesta  round  the  edges,  and  in  the  morning  found  the  situation 
unchanged,  but  the  animals  apparently  dead.  In  this  case  the 
tentacles  were  in  two  rows,  one  apparently  belonging  to  each 
portion  of  the  compound  object. 

Small  infusoria  frequently  bobbed  against  the  tentacles, 
and  sometimes  large  ones;  but  the  creatures  remained  veiy 
sluggish,  and  made  no  attempt  to  capture  prey.  Jarring  the 
table,  suddenly  pressing  the  glass,  produced  no  effect ;  nor  did 
shifting  the  cover  glass,  by  moving  it  laterally  with  considerable 
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Tonghness.  On  one  occasion^  a  Euplotes^  who  seemed  tor- 
mented by  the  adhesion  of  foreign  bodies^  and  by  some  disorder 
that  produced  bumps  on  his  surface^  made  use  of  one  of  the 
new  creatures  as  a  sort  of  rubbing  post.  This  went  on  for 
some  minutes  without  disturbing  its  repose,  but  at  length 
the  tentacles  did  retract. 

I  was  strongly  impressed  with  the  idea  that  the  creatures 
were  transition  forms,  and  could  not  conceive  that  the  stalked 
cups  were  made  by  them  in  anything  like  their  present  con- 
dition, or  that  thoy  were  ever  made  by  and  for  an  inmate 
who  was  destined  to  remain  suspended  from  their  mouths, 
leaving  the  greater  part  of  the  space  waste.  I  thought  they 
were  transition  forms  of  the  Gothumians,  and  still  think  so, 
although  I  could  find  no  positive  proof  of  the  correctness  of 
this  view.  In  some  Cothumians,  the  edges  of  the  cups  were 
prolonged,  and  in  Fig.  4  the  new  animal  filled  the  cup  better 
than  any  others  which  I  saw,  and  it  had  something  like  the 
remains  of  a  tailfoot. 

The  new  creatures  varied  considerably  in  size,  the  most 
common  dimensions  being  about  1-100"  from  the  top  of  the 
expanded  tentacles  to  the  bottom  of  the  footstalk.  The 
stalks  were  curved,  or  straight,  indifierently,  as  were  those  of 
the  Cothumians.  The  normal  form  was,  I  suppose,  straight, 
and  the  curvatures  accidental. 

I  have  called  these  objects  new,  because  I  cannot  find  that 
anything  exactly  like  them  has  been  previously  described; 
but  the  creatures  seen  by  Mr.  Alder  in  1851  seem  to  have  been 
in  some  respects  similar,  judging  from  his  sketches;  though 
they  have  been  treated  as  if  they  differed  widely  from  mine. 
Mr.  Alder's  account  was  published  in  the  Transactions  of  the 
Tyneside  Naturalists'  Field  Club,  and  from  thence  transferred 
to  the  Annals  of  Natural  History y  1851,  vol.  vii.,  p.  426. 
His  words  are  as  follows :  '^  While  examining  a  specimen  of 
Sertularia  taken  from  the  rocks  at  Whitburn,  under  the 
microscope,  I  was  struck  with  the  appearance  of  what  seemed 
a  very  minute  parasitic  Zoophyte,  several  specimens  of  which 
were  attached  to  different  parts  of  the  Sertularia.  The  body 
was  of  a  vase  or  cup  form,  expanded  at  the  top,  and  set  round 
with  numerous  pointed  tentacles  abruptly  thickened  towards 
the  base,  and  forming  more  than  one  row;  they  had  very 
little  motion,  but  were  occasionally  bent  forward,  and  the 
whole  were  sometimes  slowly  retracted.  The  body  was 
attached  to  the  Sertularia  by  a  tolerably  short  stem.'' 

In  another  case  he  found  a  smaller  one,  '^the  tentacles 
capitate  or  knobbed  at  the  end,  and  not  so  numerous  as  in  the 
first.''  Mr.  Alder  states  that  in  the  first  instance  he  took  these 
creatures  for  Campanularian  Zoophytes;  but  ''found  their 
organization  more  simple  than  in  true  polyps.'^ 
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It  is  curious  that^  as  Mr.  Alder  tliouglit  tliese  creatures 
looked  likeCampanularian  Zoophytes,  or  animals  inhabiting  bell- 
shaped  cups,  he  should  have  omitted  the  mention  of  the  cup  in 
his  description,  and  described  the  '^  hoAy  as  of  a  vase  or  cup 
form/'  The  tentacles  of  his  objects  differed  in  shape  from 
mine,  and  were  clearly  not  the  same,  nor  should  I  have  ex- 
pected any  strong  resemblance,  had  I  not  noticed  a  copy  of 
his  drawings  in  the  Micrographie  Dictionary,  pi.  40,  figs.  13, 
14,  15,  which  led  me  to  further  research.  The  drawings,  es- 
pecially 14  and  15,  and  those  from  which  they  were  copied  in 
the  Annals,  seem  to  show  that  the  body  of  the  creature  is 
suspended  in  a  bell-shaped  cup  standing  on  a  stalk.  At  first 
these  objects  were  named  Alderia;  but  that  appellation  having 
been  pre-occupied,  they  took  their  place  among  the  Podophrya 
and  the  allied  genus  Ephelota  in  the  last  and  fourth  edition 
of  Pritchard's  Infusoria,  In  this  position  they  were  placed, 
as  Mr.  Pritchard  informs  us,  by  Dr.  Strethill  Wright.  In  my 
specimens  certain  peculiarities  mentioned  by  Dr.  Wright  in  the 
stem  and  tentacles  of  his  Ephelota  did  not  exist.  The  Podophrya 
ovata  and  pyriformis  in  Pritchard's  Infusoria,  and  especiaUy 
the  former,  seem,  on  tho  whole,  to  bear  most  resemblance  to 
mine. 

I  have  indicated  the  few  points  of  resemblance  between  my 
creatures,  which  I  believe  to  be  Adneta/ns,  and  those  described 
by  Mr.  Alder  and  Dr.  Strethill  Wright,  and  through  the  kind- 
ness of  the  last-named  gentleman,  to  whom  I  am  indebted  for 
an  obhging  and  valuable  communication,  I  am  able  to  state 
that  his  two  genera,  '^  Podophrya  and  Ephelota,  differ  from 
Acineta  in  having  no  cell  or  cups ;  but  a  chitinous  solid  stem 
sometimes  enlarged  at  its  summit.  The  internal  part  of  the 
stem  is  either  transversely  or  longitudinally  striated  with  lines 
of  growth."  This  settles  the  fact  that  my  creatures  were  not 
Podophiyans ;  but  the  distinction  between  cup  and  no  cup  is 
softened  down  in  one  specimen  of  Podophrya,  of  which  Dr. 
Wright  has  favoured  me  with  a  sketch,  and  in  which  the  top 
of  the  stem  is  hoUowed  out. 

Dr.  Strethill  Wright  finds  in  the  neighbourhood  of  Edin- 
burgh two  Acinetans  which  are  something  like  mine,  but 
obviously  not  identical ;  and  he  informs  me  that  the  tentacles 
are  often  very  obscurely  capitate  or  knobbed  at  the  ends :  mine 
certainly  had  no  knobs ;  but  perhaps  the  distinction  of  knobs 
or  no  knobs  is  not  always  permanent. 
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THE  SUN. 

The  Archives  des  Sciences,  20th  April,  1864,  contains  a  paper 
by  M.  Emile  Gautier,  reviewing  various  observations,  opinions, 
and  discoveries  of  eminent  astronomers,  from  the  consideration 
of  which  he  deduces  the  following  conclnsions.  In  giving 
these  and  other  speculations  we  may  be  permitted  to  remind 
our  readers  that  they  supply  a  mass  of  hypothesis  worth  con- 
sideration, but  certainly  not  to  be  accepted  as  ascertained 
fact. 

1.  "The  sun  is  a  liquid  globe,  incandescent,  composed  of 
elements  like  those  which  enter  into  the  composition  of  the 
earth,  and  probably  into  that  of  the  planets  of  the  system. 
They  exist  in  a  state  of  liquidity,  such  as  the  earth  passed 
through,  according  to  the  current  opinions  of  geologists.*  The 
high  temperature  which  preserves  the  elements  in  a  liquid 
form,  necessarily  dilates  their  volume,  and  explains  the  rela- 
tively small  density  of  the  fused  globe/' 

2.  "  An  atmosphere  envelops  the  liquid  mass,  and  holds  in 
suspension  vapours  and  emanations  of  all  kinds,  so  that  the 
inferior  layers  may  be  much  heavier  than  those  of  the  terrestrial 
atmosphere.  The  rotatory  movement  of  the  central  globe 
need  not  be  supposed  to  be  transmitted  to  the  most  elevated 
regions  of  the  solar  atmosphere  with  the  same  angular  velocity. 
We  may  therefore  presume  that  the  solar  atmosphere  exercises 
an  action  of  rubbing  or  friction  on  the  globe.*' 

8.  "The  emanations  or  metallic  vapours  surrounding  the 
sun,  and  impregnated  with  dust,  smoke  and  lava,  form  around 
him  a  layer  of  variable  thickness,  and  give  rise  during  eclipses 
to  the  red  borders  and  protuberances." 

4.  "  The  solar  spots  are  partial  modifications  of  the  surface, 
due  either  to  coolings,  or  to  chemical  actions  that  cause  a 
momentary  reunion  in  masses  of  salts  or  oxides  issuing  from 
the  mass  in  fusion  and  floating  on  the  surface.  At  the  end  of 
a  certain  time — which  may  exceed  a  terrestrial  year — ^the  che- 
mical action  of  other  elements,  or  an  elevation  of  temperature, 
gives  rise  to  new  bodies.  The  dark  nucleus  of  the  spots 
corresponds  to  the  thickest  part  of  the  sohd  crust ;  the  penum- 
bra to  the  pellicle,  which  in  every  formation  of  this  kind  is 
seen  on  the  surface  of  a  metal  in  fusion,  and  which  is  always 
produced  about  salt  or  scorias.  Both  are  liable  to  be  cracked, 
and  to  form  figures  through  which  the  brilliant  fused  mass  may 
be  seen  in  the  form  of  luminous  bridges  or  spots.'' 

*  Geologiits  are  not  specially  responsible  for  this  opinion.    Whether  tme  or 
falae«  it  is  not  evidenced  bj  the  superficial  formations  with  which  their  labour  lies. 
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5.  ''The  faculdo  are  the  result  of  the  appearance  on  the 
sun's  surface  of  substances  that  are  more  luminous,  or  endowed 
with  a  more  considerable  power  of  radiation.  The  conditions 
inherent  in  the  roseate  envelope  of  the  solar  globe,  may  also 
combine  to  give  the  surface  the  flocculent  and  uneven  (jwm- 
meUe  and  moutonnee)  appearance  which  it  presents. 

6.  ''  The  acceleration  noticed  in  the  rotation  of  the  spots 
situated  near  the  sun's  equator,  is  the  result  of  the  exterior 
action  of  atmospheric  pressure  on  the  liquid  surface,  combined 
with  that  of  the  inferior  layers  of  the  mass  in  fusion.  As  for 
the  accidental  irregularities,  ascertained  to  exist  in  the  move- 
ment of  the  spots,  whether  in  latitude  or  longitude,  they 
arise  from  the  want  of  equilibrium,  both  physical  and  chemical^ 
existing  between  the  different  components  of  this  mass,  which 
cause  frequent  whirlpools,  both  in  the  interior  of  the  globe  and 
in  its  atmospheric  envelope.'' 


THE  DIDXJNCULUS,  OR  LITTLE  DODO. 

BY  W.   B.  TEOETMIfilEB. 

The  extinction  of  several  species  of  the  lower  animals  through 
the  agency  of  man  is  a  fact  that,  unfortunately  for  the  interests 
of  science,  admits  of  no  dispute.  Within  the  recent  period  of 
twenty  years  that  most  interesting  water  bird  the  Garefowl,  or 
Great  Auk,  has  been  persecuted  from  off  the  face  of  the  earth ; 
and  sixty-tiiree  or  sixty-four  stuffed  and  dissected  specimens 
are  all  that  remain  to  prove  the  existence  of  one  of  the  largest 
and  most  powerful  of  our  diving  birds. 

The  British  Museum  sample  was  shot  in  the  Orkneys  in 
1813,  and  the  last  known  specimens  were  captured  in  1844, 
and  are  preserved  in  the  Museum  at  Copenhagen.  Yet  within 
the  memory  of  old  men  now  living,  numbers  of  these  birds 
existed  on  the  Penguin  Islands,  near  Newfoundland,  but  they 
were  destroyed  for  the  sake  of  their  feathers.  Now  that  this 
wanton  destruction  has  been  effected  every  effort  is  made  to 
procure  mutilated  skeletons,  or  even  a  single  bone  of  a  bird  in 
whose  cause  no  hand  was  held  out  whilst  it  was  alive ;  and  the 
few  specimens  of  the  eggs  that  exist  in  our  collections  are 
valued  at  their  weight  in  gold. 

Those  of  the  younger  readers  of  the  Intellkctual  Observeb 
who  may  be  desirous  of  saying  in  their  old  age  that  they  have 
seen  a  living  specimen  of  an  animal  which  will  then  no  longer 
exifit,  should  haste  to  the  gardens  of  the  Zoological  Society  to 
see  there  a  bird  that  is  the  first,  and  will  in  all  probability  be 
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the  last^  specunen  of  the  DidinsB,  or  family  of  the  Dodos^  that 
has  eyer  been  seen  alive  in  Europe.* 

Of  the  Great  Dodo  itself  no  perfect  specimen  remains.  A 
foot  in  the  British  Museum^  an  imperfect  skull  at  Oxford^  some 
few  engravings  and  paintings  of  ihe  animal^  are  all  that  serve 
to  show  the  previous  existence  of  one  of  the  largest^  and 
what  might  have  been  most  useful^  of  domesticated  land 
birds.  Its  value  as  food,  and  its  want  of  the  power  of  flight, 
however,  rendered  it  a  desirable  and  easy  prey  to  the  earlier 
voyagers. 

Until  recently  so  little  was  known  about  the  Dodo  that 
its  powerfully  hooked  beak  led   Professor  Owen  to  place  it 
among  the  birds  of  prey^  and  to  surmise  that  its  food  consisted 
of  reptiles  and  Crustacea.     Some  other  naturaHsts  regarded  it 
as  aUied  to  the  gallinaceous  group.    Within  the  last  few  years, 
however,  the  more  critical  examinations  of  the  scanty  remains 
of  the  Dodo  prove,  without  doubt,  that  it  was  a  gigantic  ground 
pigeon.     This  idea  will  not  appear  so  startling  to  our  precon- 
ceived notions  if  it  is  borne  in  mind  that,  in  addition  to  the 
slender-billed   seed  and  grain-feeding  birds  that   constitute 
the  group  of  pigeons  and  doves  best  known  in  Europe,  there 
is  a  group  of  powerful  hooked-beaked  pigeons,  feeding  on  the 
hard-shelled  fruits  of  palms  and  firmly-husked  tropical  seeds, 
requiring  a  strong  beak  to  crack  the  outer  shell. 

It  is  to  this  group  that  the  extinct  Dodo  and  the  extant 
Didunculus  belong.  The  former  evidently  employed  its  powerful 
bill  in  husking  the  fruits  of  the  palms  indigenous  to  the 
tropical  islands  it  inhabited,  in  the  same  manner  as  the  latter 
employs  its  beak  in  decorticating  smaller  fruits  and  hard-^coated 
seeds. 

All  that  is  known  of  the  history  of  the  living  Di- 
dunculus is  soon  told.  About  twenty  years  since.  Lady 
Harvey  bought  a  collection  of  Australian  birds  in  Edinburgh. 
Amongst  the  skins  was  one  about  the  size  of  that  of  a  very 
large  pigeon,  of  a  dark  chocolate  and  resplendent  blac& 
colour,  with  the  upper  jaw  or  maxilla  hooked  like  that  of  an 
owl ;  the  lower  jaw  or  mandible  strong,  broad,  and  furnished 
with  three  angular  teeth  at  the  apex  or  part  that  closed 
under  the  hook  of  the  maxilla. 

Sir  W.  Jardine  described  this  unique  specimen,  and  figured 
the  head  in  the  Annals  and  Magazine  of  Natural  History,  vol. 
xvi.,  1845,  and  termed  it  Gnathodon  Strigirostris.  Being 
regarded  as  an  Austrahan  bird,  it  was  figured  under  the  same 
ziame  in  Gould^s  magnificent  work  on  the  Birds  of  Australia. 
Subsequently  the  living  animal  was  discovered^  by  Mr. 

*  The  bird  is  now  placed  in  the  second  compartment  of  the  western  ayiaiy, 
which  is  situftted  to  the  right  of  the  main  e&tnmce. 
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Titian  Peale^  of  America^  to  be  a  native  of  tHe  Samoan  or  Navi- 
gator's  Islands;  and  it  was  named  by  him  the  Didoncalizs 
Strigirostris,  the  name  by  which  the  bird  is  now  known.  No- 
thing  more  was  learned  about  this  little  Dodo  until  November 
in  last  year,  when  the  following  letter  was  received  by  Dr. 
Sdater^  secretary  of  the  Zoological  Society^  from  Dr.  George 
Bennett^  of  Sydney : — 

^'  In  the  early  part  of  June^  1863^  a  living  Didunculus  was 
brought  to  Sydney  by  Mr.  J.  Williams  from  Apia  Upolu,  one 
of  the  groups  of  theNavigator'sIslands ;  and  on  the  15th  of  Jnne^ 
and  the  following  days^  I  had  several  opportunities  of  examin- 
ing the  bird.  At  first  it  seemed  rather  shy  and  wild,  but 
afterwards  it  became  more  tame,  and  I  could  examine  it  with- 
out its  manifesting  any  fear.  It  is  about  the  size  of  a  Nicobar 
Pigeon  (Galcenas  Nieobarica),  but  rather  bulkier  and  rounder  in 
form.  Its  plumage  was  not  in  good  condition  owing  to  its 
having  been  recently  confined  in  a  cage  on  board  ship,  but  it 
appeared  healthy.  This  specimen,  I  should  say,  was  a  young 
bird  with  immature  plumage,  and  the  tooth  of  the  lower  man- 
dible not  yet  developed.  When  I  first  examined  it  the  bird 
showed  its  fear  by  occasionally  uttering  some  rapid  '  coos'  and 
by  fluttering  in  its  cage,  but  it  subsequently  became  quite 
tame.  It  was  captured  on  the  Island  of  Upolu  after  being 
wounded  in  the  wing,  and  was  spld  by  a  native  to  Mr.  Wil- 
liams. It  has  now  been  in  captivity  about  nine  months,  and 
is  kept  in  a  cage  which  is  merely  a  box  with  rails  in  front,  like 
a  hencoop.  Here  it  can  run  on  the  floor,  or  sit  on  a  low 
perch,  or  conceal  itself  in  the  comers,  as  it  is  particularly  fond 
of  doing,  where,  with  its  dark-coloured  plumage,  it  cannot 
readily  be  distinguished.  When  disturbed  it  would  move 
gently  and  timidly  across  the  cage,  afibrding  an  excellent  op- 
portunity to  the  observer  of  examining  it.  It  is  a  stupid-looking 
bird,  and  has  no  particular  attraction,  except  the  anomalous  ana 
extraordinary  form  of  the  beak,  which  cannot  fail  to  excite  the 
attention  of  the  most  ordinaiy  spectator. 

''  The  only  sound  it  utters  is  the  quick  '  ooo-ooo-coo,'  to 
which  I  have  already  alluded,  the  beak  being  always  a  little 
open  when  the  notes  were  emitted.  The  whole  of  its  plumage 
is  of  a  chocolate-red  colour,  deeper  in  tint  on  the  back,  tail, 
and  the  primaries  and  secondaries  of  the  wings ;  the  throat, 
breast,  and  wing-coverts  being  barred  with  light  brown.  The 
upper  part  of  the  head  was  ra&er  bare  from  the  feathers  having 
been  rubbed  off,  but  what  remained  were  of  a  dark  slate 
colour.  The  base  of  the  beak  is  orange  red,  and  the  rest  of 
the  mandibles  of  a  yellowish  hue.  The  tarsi  are  not  feathered, 
and  the  legs  and  feet  are  of  a  bright  orange  red,  similar  in 
colour  to  those  of  the  Kagu.    The  irides  are  dark  reddish- 
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brown,  and  tlie  cere  round  the  eyes  is  flesh  colour.  The  bird 
is  fed  upon  boiled  rice,  yams,  and  potatoes." 

This  letter  was  followed  by  a  second,  received  by  the  fol- 
lowing mail.     In  it  Dr.  Bennett  says : — 

'^  I  have  to  add  to  my  account  of  the  bird  sent  last  mail 
that  this  bird  was  captured  within  five  miles  of  Apia,  Island  of 
Upolu  :  so  that  the  bird  is  not  yet  quite  eztinct  in  that  island, 
as^haa  been  supposed  even  by  4e  rlsident  missionaries.  It  i^ 
very  fond  of  the  mountain  plantain,  upon  which  it  has  often 
been  found  feeding  in  its  wild  state." 

A  third  letter  states : — 

"  Since  my  last  letter  another  living  specimen  of  the  Didun- 
cuius  has  been  brought  to  Sydney  by  the  Rev*  Mr.  Rigg,  who 
procured  it  from  a  native  on  the  island  of  Savaii.  This  I  have 
reason  to  believe  is  the  identical  bird  that  Mr.  Trail,  at  the 
instigation  of  Mr.  (yHea,  endeavoured  to  procure  for  me,  as  in 
reply  to  Mr.  IVail's  inquiries  respecting  the  bird,  the  native 
informed  him  it  had  just  been  sold  to  a  European  on  the  other 
side  of  the  island.  On  the  day  after  the  arrival  of  the  vessel, 
I  went  on  board  and  saw  the  bird,  which  ^is  a  much  finer 
specimen  than  the  one  in  the  possession  of  Mr.  Williams.  It 
appears  to  be  full  grown,  and  in  adult  plumage — the  head, 
neck,  breast,  and  upper  parts  of  the  bacK  being  of  a  glossy 
greenish  black;  back,  wings,  tail,  and  under  tail-coverts  a 
deep  chocolate-red  colour ;  but  I  consider  that  the  bird  has  ouly 
recently  been  changing  its  plumage,  and  that  the  present  dark- 
green  feathers  will  become  more  brilliant,  and  the  chocolate- 
red  colour  of  a  still  brighter  hue.  The  legs  and  feet  are  of  a 
bright  red  colour,  and  the  claws  yellowish-white.  The  man- 
dibles are  of  an  orange-red  colour,  shading  off  near  the  tips 
to  a  light  yellow.  The  cere  round  the  eyes  is  also  of  a  bright 
orange-red  colour;  eyes,  brownish-black.  It  is  agreed  by 
every  one  with  whom  I  have  conversed,  who  has  resided  at  the 
Navigator's  Islands,  that  the  Didunculus  is  nearly  extinct, 
from  being  eaten  by  the  natives  as  well  as  by  the  cats,  rats, 
and  other  vermin,  and  that  most  of  the  other  ground-pigeons 
are  following  its  fate  from  the  same  causes.  The  possessor  of 
the  last  bird  says  he  has  never  observed  the  bird  to  drink 
water  since  it  has  been  in  his  possession.  Its  food  at  that  time 
consisted  of  boiled  yams,  but  it  will  eat  bananas,  apples,  bread, 
and  boiled  potatoes.  The  lower  mandible  has  the  tooth  well 
developed.  This  bird  was  very  tame,  and  was  eating  some 
boiled  yam  very  voraciously  during  the  time  I  was  inspecting 
it,  bolting  down  very  large  pieces.  :rr^  „ 

"  This  morning  I  examined  both  birds ;  they  are  evidently 
moulting,  and  the  younger  bird  has  grown  very  much  since  I 
last  saw  it,  and  is  becoming  now  a  much  larger  bird  than  the 
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last  arrival ;  from  tliis  I  am  inclined  to  think  they  may  prove 
male  and  female/' 

Of  these  two  specimens  one  nnfortnnately  died  at  Sydney  ; 
the  other  has  arrived  in  safety  at  the  gardens.  This  specimen 
is  a  female ;  it  laid  an  egg  on  the  voyage.  This  had  been  for- 
tunately placed  on  a  shelf^  and  was  rescued  from  destruction 
by  Mr.  Bartlett ;  the  egg  is  white  in  colour^  and  is  about  the 
size  and  form  of  that  of  a  large  variety  of  domestic  pigeon. 

The  most  striking  peculiarity  in  the  appearance  of  the  Di- 
dunculus  is  the  maxilla  and  great  width  of  the  lower-toothed 
mandible.  This  width  of  lower  jaw  is  characteristic  of  whole 
groups  of  pigeons,  and  is  intimately  connected  with  the  manner 
in  which  they  nourish  their  young. 

Both  male  and  female,  as  is  generaUy  known,  take  part  in 
the  process  of  incubation.  At  the  time  when  the  young — ^two 
in  number — ^are  hatched,  a  peculiar  secretion  of  curdy  substance 
is  formed  in  the  crop  of  the  parents.  This  is  disgorged  into 
the  mouth  of  the  young,  and  they  are  fed  solely  on  this  soft 
food  for  several  days.  The  young  are  hatched  in  a  very  imper- 
fect condition,  and  they  receive  this  soft  curdy  food  (which 
may  be  appropriately  termed  '*  pigeon's  milk'')  by  placing  the 
beak  nearly  up  to  their  eyes  in  that  of  the  old  one,  and  ahnost 
at  right  angles  to  it ;  so  that  the  food  disgorged  by  the  parent 
is  received  into  the  expanded  spoon-shaped  lower  mandible  of 
the  young.  From  this  mode  of  feeding  the  young  being  uni- 
versal  in  the  pigeons,  all,  of  necessity,  have  the  expanded 
mandible,  which  hence  becomes  one  of  the  best  marked  external 
characters  of  the  group. 

That  these  facts,  simple  as  they  are,  are  not  universally 
known  to  naturalists,  is  evidenced  by  the  fact  that  so  good  a 
naturalist  as  the  late  Mr.  Yarrell,  in  his  valuable  treatise  on 
British  Birds,  describes  the  old  pigeons  as  feeding  their  off- 
spring by  placing  their  beaks  in  the  mouths  of  the  young 
ones. 

The  loss  of  the  male  Didunculus  is  deeply  to  be  regretted  ; 
as,  before  the  final  extirpation  of  the  last  of  the  Didin®,  it 
would  have  been  exceedingly  desirable  to  ascertain  the  exact 
circumstances  of  their  incubation  and  mode  of  rearing  their 
young.  "What  labour  would  naturalists  of  the  present  day  not 
undergo,  in  order  to  see  the  unwieldy  Dodo  pumping  up  its 
soft  food  into  the  jaws  of  its  young  (1)  Not  having  the  Dodo^ 
however,  it  behoves  us  to  take  the  more  trouble  to  ascertain 
the  structure^  habits,  and  food  of  its  living  congener^  the 
Didunculus. 
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CoNYEBTiNG  science  into  a  recreation  is  by  no  means  to  be  des- 
pised^ as  some  "  budge  doctors  of  the  stoic  fur^^  might  be 
disposed  to  assert ;  and  the  foundations  of  accurate  knowledge 
and  profound  study  have  often  been  laid  in  the  casual  atten- 
tion bestowed  for  the  mere  sake  of  amusement  upon  some 
curious  or  striking  natural  fact.  It  is  indeed  an  excellent  plan 
to  present  the  recreational  aspects  of  science  first,  and  leave 
the  inevitable  hard  work  to  be  encountered  after  the  student 
has  obtained  a  glimpse  of  the  fascinations  that  await  him  when 
he  has  passed  from  the  wilderness  of  ignorance  into  the  pro« 
mised  land  of  knowledge  and  truth.  Dry  treatises  adapted  to 
the  school  or  the  college  might  give  the  requisite  start  to  a 
small  number  of  determined  workers;  but  the  only  way  to 
raise  up  a  large  body  of  students  of  natural  science,  and  to 
create  a  general  interest  in  such  questions  throughout  society 
is  to  make  them  a  pleasurable  exercise,  in  which  large  numbers 
can  easily  engage.  This  is  the  great  function  of  the  better 
class  of  popular  works,  in  which  the  elements  of  experimental 
or  descriptive  science  are  exhibited  in  an  entertaining  guise. 
Some  men  fancy  they  must  be  learned  because  they  are  tire- 
some, and  sneer  at  any  knowledge  that  is  not  reduced  to  its 
most  repulsive  technical  form.  They  would  degrade  natural, 
history  to  an  insufferable  catalogue  of  long-tailed  names,  and 
try  to  persuade  themselves  and  the  public  that  the  observation 
of  character  and  habits  is  unimportant,  and  that  the  one  thinfir 
needful  is  to  acquire  the  J  of  ar^nging  objects  upon^ 
system,  so  as  to  put  them  into  the  right  pigeon-hole  as  soon  as 
they  are  seen.  Systems  of  nomenclature  and  classification  are 
no  doubt  indispensable,  but  they  do  not  constitute  science. 
They  are  only  part  of  its  mechanism,  and  of  no  intellectual 
worth,  unless  they  are  associated  with  clear  and  positive  ideas 
of  structure,  development,  and  modes  of  life. 

Natural  history  may  be  approached  in  a  popular  aud  amus^ 
ing  manner  in  two  ways.  According  to  the  first,  the  objects 
may  be  viewed  in  relation  to  habit  and  structure;  and  accord- 
ing to  the  second,  in  relation  to  the  use  or  mischief  they  do  to 
man.  Books  of  great  interest  have  been  written  upon  both 
plans,  and  form  no  small  proportion  of  the  healthy  literature 
which  our  age  provides  for  family  reading.  To  be  eruccessftd 
they  demand  on  the  part  of  their  writers  considerable  acquire- 
ments, coupled  with  the  happy  art  of  presenting  the  salient 
points  of  their  subject  in  an  intelligible  and  pleasing  light. 
Mr.  Wood  has  recently  added  to  his  labours  in  the  first  of 
these  departments  a  very  pleasantly  written  v^ork,  now  appear- 
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iBg  in  xnontUy  parts^  entitled  Homes  without  Hands,  in 
wlucli  the  constractiye  faculties  of  all  kinds  of  animals  are 
agreeably  set  forth ;  and  Dr.  Phipson  has  selected  an  excellent 
set  of  subjects  under  the  title  of  The  Utilization  of  Minute  Ltfe* 
If  we  were  disposed  to  be  hypercritical  we  might  say  that 
some  of  the  living  creatures  whose  utility  to  man  forms  the 
theme  of  Dr.  Phipson's  essay^  are  not  exactly  minuiey  as  that 
term  is  scarcely  appUcable  to  the  lobster  or  the  crab ;  but  the 
general  appropriateness  of  the  title  will  be  apparent  when  we 
proceed  to  enumerate  the  contents.  First,  we  find  the  Silk- 
Producing  Insecfcs,  then  the  Colour-Producing  Insects,  then 
Insects  producing  Wax,  Besin,  Honey,  and  Manna;  after  which 
the  Insects  Employed  in  Medicine,  or  as  Food,  and  other  Insects 
useful  to  Man,  are  treated  in  a  manner  that  conveys  a  great 
deal  of  zoological  and  technological  information  in  a  very  plea- 
sant way.  After  the  insects  Dr.  Phipson  deals  with  the  Crus- 
tacea in  one  chapter,  and  with  the  MoUusca  in  another;  and 
the  work  concludes  with  Worms,  Polyps,  Infusoria,  and 
Sponges.  From  this  enumeration  of  subjects  it  will  be  appa- 
rent that  Dr.  Phipson  has  addressed  himself  to  the  widest 
possible  range  of  readers,  and  by  a  happy  union  of  chemical, 
zoological,  and  technological  science,  he  has  provided  matter 
to  suit  all  tastes. 

At  the  present  moment  two  of  Dr.  Phipson's  subjects  are 
especial  matters  of  interest,  and  to  them  we  shall  confine  our 
remarks ;  first  adverting  to  the  efibrts  for  increasing  the  pro- 
duction of  silk,  and  secondly  to  the  plans  in  operation  for 
the  artificial  propagation  of  moUusca  serviceable  as  food. 
Attention  has  been  strongly  directed  to  the  introduction  of 
new  species  of  silk-producing  insects,  and  to  the  prevention 
of  the  diseases  which  have  proved  so  ruinous  in  many  silk 
arms.  Amongst  the  diseases  we  find  ^' muscardine,^^  caused 
by  a  parasitic  fungus,  for  which  cleanhness  and  the  removal 
of  sick  larva  seems  the  most  efiFective  remedy ;  *'  atrophy 
or  "  rachitism,''  ''gangrene/^  "jaundice,*^  "apoplexy, 
"  diarrhoea,^^  "  dropsy,'^  for  which  diflFerent  methods  of 
treatment  are  prescribed.  "  In  the  department  of  Vau- 
olnse,  where  on  a  small  area  of  land  more  than  two  mil- 
lions of  mulberry  trees  are  grown,  gangrene  resulting  from 
these  and  other  maladies  is  arrested  in  its  course  by  sprink- 
ling quicklime  over  the  larvae  by  means  of  a  very  fine  sieve, 
and  then  covering  them  with  leaves  soaked  in  wine."  The 
list  of  complaints  sounds  shockingly  human,  and  afibrds  a 
curious,  though  scarcely  pleasing  picture,  of  unity  of  plan  in 

*  The  Uiilization  of  Minute  Life  ;  being  Practical  Studies  on  Insects,  Craf- 
tacea,  MoUnsoa,  WorxDi,  Poljpa,  Infusoria^  and  Sponges.  By  Dr.  T.  L.  Phipaor, 
F.C.8.  London.     Qmomhridge  and  Som. 
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nature's  works.  We  do  not  know  whether  the  old-fashioned 
race  of  silkworm  doctors  endeavoured  to  cure  their  wriggling 
patients  by  cathartics  and  depletion ;  but  it  is  interesting  to 
find  that  in  the  case  just  mentioned  the  system  which  used  to 
be  named  antiphlogistic  is  dispensed  with^  and  alcoholic  stimu- 
lants exhibited^  in  conformity  with  the  practice  of  our  best 
hospital  doctors  and  the  interesting  tibteory  of  Professor 
Lionel  Beale,  who  would  tell  us  that  when  the  unfortunate  silk- 
worm was  being  reduced  to  a  black  fetid  liquid  through  the 
agency  of  disease^  a  little  alcohol  would  moderate  the  excessive 
action  of  the  growing  material^  and  restore  the  balance  which 
health  requires. 

Dr.  Phipson  mentions  the  great  success  attained  by  M. 
Andr^  Jean^  the  director  of  a  large  establishment  at  NeuiUy^ 
who  has  succeeded  in  introdacmg  a  splendid  and  very  large 
race  of  silkworms,  by  breeding  exclusively  from  well-selected 
specimens. 

In  addition  to  the  ordinary  silkworm  the  French  are  occu- 
pied in  naturalizing  other  species,  especially  a  fine  one  from 
the  Himalayas,  which  lives  upon  the  oak.  The  Tussah  silk  is 
coarser  than  the  silk  commonly  known  in  this  country,  and 
the  worms  producing  it  may  probably  be  reared  in  European 
countries  to  an  extent  sufficient  to  exercise  an  important  in- 
fluence on  the  ordinary  clothing  of  the  people.  Dr.  Phipson 
states  that  ^'  garments  of  Tussah  silk  will  wear,  when  in  con- 
stant use,  fortan  or  twelve  years /^  and  M.  Gu^rin  de  Menne- 
ville  has  obtained  from  cocoons  of  his  own  rearing  "  silk  so 
strong,  that  a  single  fibre  will  support  without  breaking  a 
weight  of  198  grains." 

A  recent  number  of  the  Intellectual  Observes  contained 
an  account  of  the  employment  of  spiders  to  make  carpets,  and 
other  European  insects  have  been  used  for  their  spinning 
powers.  Dr.  Phipson  has  the  following  remarks  upon  this 
subject,  and  we  are  enabled  to  make  the  quotation  more  inte- 
resting by  presenting  our  readers  with  one  of  the  numerous 
excellent  engravings  with  which  his  book  is  illustrated : — 

''  It  is  a  doubtful  question  whether  the  breeding  of  any  of 
the  European  moths  will  ever  become  a  source  of  advantage. 
Experiments  have  already  been  made  on  certain  varieties  of 
clothes  moths  {Tinea).  M.  Habenstreet,  of  Munich,  experi- 
mented some  years  ago  upon  a  species  called  Tinea  punctata, 
or  Tinea  padilla  (Pig.  2),  closely  allied  to  T. 
Bvonomella.  The  Im-vs©  of  the  former  were 
made  to  spin  upon  a  paper  model,  suspended 
from  the  ceiling  of  the  room.  To  this  model 
any  form  or  dimensions  could  be  given  at  Fto.  2.  Tinea  padilla 
wiU,  the  motions  of  the  larvsQ  being  regu-     (Silk-spinniDg  gnat). 
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latod  by  means  of  oil  applied  to  iliose  parts  of  it  wliicb  wore 
not  intended  to  be  covered.  The  investigationa  showed  that 
on  an  average  two  of  theae  larvae  can  produce  a  aqnare  inch  of 
silk,  and  when  employed  in  great  numbers  their  produce  is 
astonishing.  M.  Habenatreet  succeeded  thasinmanafaotaring 
an  air-balloon  about  four  foet  in  height,  one  or  two  shawls,  and 
a  complete  dress  with  sleeves,  without  any  seams.  The  tissue 
thns  cnrioosly  produoed  resembled  tjie  lightest  gauze,  which  it 
surpassed  in  fineness.  We  are  told  that  the  Qaeen  of  Bavuia 
once  wore  a  robe  of  this  description  over  her  court  dress." 

Leaving  the  insect  deparbnent  of  Dr.  Phipson's  work  we 
pass  to  the  chapters  on  MoUusca,  and  hope  that  the  repetition 
in  his  p'E^!^  of  the  accounts  of  what  the  French  are  doing  will 
stimulate  exertions  to  add  to  the  quantity  of  food  produced  by 
our  shores.  Artificial  fish  breeding  should  be  anpplemented 
by  similar  methods  of  increasing  edible  mollasks  and  cmsta- 
ceans.  Nothing  can  be  simpler  than  M.  Coste's  plan  on  the 
coasts  of  France.  In  Dr.  Phipson's  words,  "  he  gets  fresh 
oysters  for  propagation  firom  the  open  sea ;  he  turns  to  advsn- 
t^e  those  which  are  rejected  by  the  trade ;  and  lastly,  he 
coUects  the  myriads  of  embryo  oysters  which  at  each  spawning 
season  issue  from  the  valves  of  the  oyster,  and  which  are  now 
lost  to  commerce  for  want  of  some  contrivance  to  prevent  their 
escape  and  inevitable  destruction." 

Out  of  two  millions  of  young  produced  by  a  single  oyster, 
only  ten  or  twelve  attach  themselves  to  the  parent  shell,  and 
to  save  the  mass  of  spawn  M.  Coate  employs  a  very  simple 
plan,  of  which  we  annex  a  sketch,  borrowed  from  Dr.  Phipson's 
work  {Fig.  20) ,  So  easy  is  the  artificial  cultivation  of  the  oyster 
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that  "  about  five-and-twenty  thoosand  acres  of  coast  may  be 
brought  into  foil  bearing  in  three  years,  at  an  annual  expense 
not  exceeding  £400."  The  young  oysters  attach  themselves  to 
the  fascines,  and  at  a  suitable  age  are  tran^mrted  to  a  zone 
of  the  right  depth. 

Zoologically  speaking  we  ought  to  have  noticed  the  lobster 
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and  crayBah  before  ihe  oysters ;  but  in  tte  claBsification  of 
domestic  economy,  the  latter  are  tlie  most  important.  We 
may,  howeTer,  mention  that  both  the  lobster  and  the  cray- 
fish may  b©  bred  artificially  and  rendered  a  cheap  article  of 
food.  The  lobster  produoea  from  15,000  to  20,000  ^ga,  and 
the  crayfish  upwards  o£  100,000.  There  is  thus  plenty  of 
material  to  work  upon,  and  the  principal  apparatus  is  a  breed- 
ing trough,  as  shown  in  Fig.  10,  to  which  we  are  indebted  to 
Dr.  Phipson'a  work. 


Fio-  lO.—Basmno  noDaas  mb  hatchiko  zoos  o>  cbvriou,  «b).  (From 
ft  iketcb  taken  at  tha  College  de  Stance,  Parti.) 
A.  CSitcm.  a.  a.  a.  Olin  troDghi,  containing  graxel :  the  water  flovri  oonatanllj 
from  one  to  the  other  in  a  gentle  itnam.    B.  Large  trough  for  ealman,  eto. 

We  are  so  convinced  that  to  be  generally  useful,  scientific 
books  mast  be  interesting,  that  we  have  given  particular  pro- 
minence to  that  element  in  Dr.  Fhipson's  labours,  and  we  are 
flad  to  be  able  to  recommend  it  strongly  on  that  account.  We 
0  not,  however,  wish  to  convey  the  impression  that,  because 
it  is  popular,  it  is  not  scientific.  This  is  certainly  not  the 
case;  but  the  work  belongs  to  the  department  of  Recreational 
Science,  because  it  relates  exolueively  to  matters  that,  although 
not  generally  known,  are  interesting  and  easily  understood. 


TOL.  T. — -no.  T. 
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Wb  do  not  intend  to  criticise  any  individnal  pictures  in  the 
Boyal  Academy  Exhibition  or  elsewhere.  The  number  of 
pieces  that  will  receire  popular  praise  or  blame  will  depend 
chiefly  upon  the  expectations  the  visitcns  to  the  Tarioas 
galleries  form  concerning  the  functions  of  art.  If  they  ask  the 
painter  only  for  clever  finger  work^  they  may  soon  fill  up  a 
large  laudatory  list;  but  if  they  demand  clever  brain  work 
also^  they  wiU  strike  the  pen  of  condemnation  through  the 
majority  of  the  names  of  pieces  which  they  were  compelled  to 
praise  upon  mere  technical  grounds. 

In  reading  the  works  of  our  best  modem  historians,  the 
graphic  power  of  reproducing  and  idealizing  characters  and 
events  gives  a  charm  and  value  to  their  pages  that  we  seldom 
find  when  we  turn  from  paper  to  canvas,  and  expect  the 
pencil  to  rival  or  transcend  what  the  pen  has  accomplished 
to  make  us  realize  the  past.  If  the  historian  puts  together 
his  sentences  with  technical  skiU,  if  his  periods  are  flowing, 
his  grammar  unexceptionable,  and  his  meaning  plain,  we 
esteem  him  little,  unless  he  rouses  our  emotions,  excites  our 
sympathies,  and  gives  us  some  insight  into  that  eternal  linking 
of  cause  and  efiect,  without  which  life  would  be  a  disjointed 
and  purposeless  drama,  and  the  incidents  of  human  story  mere 
rags  and  tatters  of  a  many-chequered  scene.  No  cleverness  of 
composition  makes  us  merciAil  to  the  writer  who  fiekils  in  those 
higher  purposes  which  composition  ought  to  serve ;  and  why 
should  the  man  who  speaks  to  us  through  the  mechanism  of 
oils,  pigments,  and  canvas,  obtain  laudation  upon  easier  terms  ? 
If  he  undertakes  to  bring  before  our  eyes  scenes  connected 
with  the  assertion  of  political  liberty,  or  with  the  insurrection 
of  mind  against  the  conventional  forms  of  dead  systems,  we 
ought,  before  praising  his  picture,  to  ask  whether,  after  studying 
it,  we  know  more  of  the  subject  than  we  did  before  his  labours 
were  exposed  to  our  view,  and  whether  the  meaning  of  the 
event  is  more  distinctly  felt  and  seen.  His  anatomy  may  be 
unexceptionable,  bonos  and  muscles  may  be  in  their  places; 
his  figures  may  be  well  arranged,  and  their  drapery  of  shape 
and  hue  that  is  pleasing  to  the  gaze ;  but  still,  he  has  failed 
as  an  artist,  unless  the  soul  and  sentiment  of  the  subject  glows 
through  every  lineament,  and  gives  a  moral  and  intellectual 
reality  to  all  his  work.  What  is  the  use  of  telling  an  heroic 
story  so  as  to  excite  nobody  to  heroic  thoughts  or  deeds  ? 

Passing  from  the  historic  to  the  domestic,  what  do  the 
silks  and  satins,  the  muslins  and  the  crinolines  matter,  and 
what  are  they  worth  on  canvas  more   than  so  much  linen- 


Ths  Fnndum9  of  Art.  85V 

dxapery  stocky  unless  ihe  picture  in  which  they  glisten  sag- 
gests  a  thooght  worth  havings  or  an  emotion  that  makes  life 
traer  and  more  beaHtifnl  thsai  it  was  before.  Interiors  of 
cottages^  village  schools^  and  scenes  of  amphibious  existence 
on  the  seashore,  onght  to  be  something  more  than  works  of 
imitation^  tinged  with  the  personal  egotism  of  their  maittt- 
factorers^  before  they  are  entitled  to  demand  our  praise.  Is 
there  nothing  in  the  peasant  life  of  England  but  gnarled  or 
chubby  faces,  fat  bacon  and  hunks  of  bread  ?  Is  ihere  nothii^ 
in  the  interior  of  our  cottage  homes — ^miserable  dens  though  too 
many  of  thetn  be — ^but  carrots  and  crockery,  a  deal  table  and 
a  mug  of  beer  f  Those  who  paint  peasant  life  as  made  up  of 
these  beggarly  elements,  had  better  leave  it  alone.  You  may 
see  the  grain  of  the  wood  floor,  count  the  knots  in  the  table, 
feel  disposed  to  pick  up  the  potato  peelings,  and  be  a  profound 
believer  in  the  patches  on  the  clothes ;  but  if  the  painter  has 
seen  nothing  to  idealisse,  if  he  excites  no  sensation  of  hum€^ 
worth,  if  his  men,  women,  and  children  have  nothing  in  them  bttt 
simple  animal  characteristics,  tinged  with  want,  or  degradation, 
no  merit  in  his  brown  pitchers  or  clouted  shoes  should  induce 
any  one  to  fancy  that  he  has  produced  a  work  of  art. 

Cottage  scenes  are  common  enough  in  our  exhibitions ;  but 
how  few  painters  perceive  the  pathetic  or  the  nobler  sides  of 
humble  life.  And  yet  we  know  that  where  the  common-place 
mind  can  see  only  its  own  miserable  reflection,  there  may  be 
enough  heroic  devotion  for  a  ThermopylsB — enough  strength 
and  tenderness  for  a  whole  calendar  of  saints. 

We  want  in  art  the  mind  of  a  poet-thinker,  turning  eveiy- 
thing  it  touches  to  living  gold ;  and  after  an  exhibition  has 
been  gone  through,  and  l£e  physical  fatigue  of  the  process  is 
over,  he  alone  should  be  dignified  by  the  name  of  an  curiist  who 
has  taught  us  how  to  see,  or  how  to  feel,  or  how  to  think,  more 
truthfoUy  and  more  beautifully  than  before.  Take  aspiration 
away  from  art,  and  it  becomes  so  much  dead  lumber.  If  it 
leaves  its  votaries  with  just  so  much  indifierence  to  bad  things, 
and  no  more  love  of  good  things  than  they  previously  possessed, 
it  has  failed  of  its  purpose ;  it  is  like  an  instrument  from  which 
no  music  can  be  evoked, — a  bell  that  will  not  ring,  a  book  that 
proves  to  be  nothing  but  leather  and  wood. 

Very  often  indeed  the  painter  comes  forward  as  the  ex- 
pounder of  our  great  writers,  and  many  works  receive  high 
praise  upon  the  merely  technical  ground  that  the  art-spelling  is 
done  properly,  when  no  art-words  are  put  together  by  which 
the  verse  of  the  poet  becomes  a  stronger  and  more  exquisite 
reality  in  our  minds.  If  reading  the  poem  gives  us  a  better 
picture,  the  painter  has  been  of  no  use.  We  are  entitled  to  ask 
him  to  do  more  for  us  than  our  own  imagination  could  easily 
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body  fortli.    Failing  in  tlus^  Iiowever  clever  he  may  have  been 
with  his  fingers,  we  do  not  thank  him  for  his  brains. 

The  artist  goes  forth  at  all  seasons  of  the  year  into  the 
country^  and  in  due  course  elaborates  his  landscapes.  Here 
again,  after  demanding  technical  correctness,  we  are  entitled  to 
ask  for  something  more.  If  his  canyas  looks  like  the  place, 
and  that  is  all,  £s  human  intellect  and  heart  have  done  little 
more  for  us  than  the  photographer's  chemicals  and  lens.  If  we 
go  to  the  spot  he  depicts  with  no  finer  associations  than  we 
should  have  had  without  him ;  if  he  has  given  us  small  help  in 
seeing,  and  none  in  the  loftier  process  of  linking  together  the 
beautiful  and  the  true ;  what  ought  we  to  care  for  his  work, 
although  its  precision  might  serve  to.  guide  the  carrier  to  the 
right  roadside  inn,  or  suggest  to  maternal  solicitude  a  convenient 
situation  for  sea-bathinfi:  when  the  children's  holidays  arrive. 
.  There  is  a  class  of  iTndscape  vety  common  in  oar  gaUeries, 
and  yielding  ample  profits  to  its  producers.  We  mean  that  in 
which  some  harsh  and  discordant  efiect  of  blazing  light  and 
colour  is  repeated  with  certain  changes  over  and  over  again,  and 
year  after  year.  In  another  case  a  man  carries  his  own  eternal 
tameness  to  every  scene — ^his  waterfalls  are  composed  of  the  same 
soapsuds,  his  trees  have  the  same  mild  stems,  and  the  same  pale 
green  leaves ;  his  rocks  are  smooth  enough  for  the  drawing- 
room  table  when  the  cover  is  ofi*,  and  his  skies  simper  with  one 
unvaried  smile.  He  is  no  helper  to  see  or  think,  not  an  artist, 
however  deftly  his  brush  may  glide.  Certain  other  men  have 
discovered  an  '^  effect"  that  will  sell,  and  they  produce  their 
effect  year  after  year,  just  as  the  crockery  maker  gives  us  the 
everlasting  willow  plate.  In  many  instances,  a  certain  crotchety 
egotism  and  mannerism  always  comes  uppermost.  It  is  evident 
that  artists  of  this  stamp  do  not  look  nature  honestly  in  the 
face.  They  project  one  side  of  themselves  upon  all  they  behold. 
They  are  not  interpreters  of  naturo,  nor  can  be  until  they  have 
exorcised  the  demon  of  self. 

Doubtless  we  have  good  artists,  as  well  as  good  bmshmen ; 
but  tried  by  their  appeal  to  men's  higher  faculties,  not  one 
picture  in  a  hundred  that  fetches  a  high  price,  and  secures  the 
laudation  of  the  common  herd  of  critics,  really  deserves  the 
name  of  a  work  of  art.  We  believe  our  artists  will  give  more 
when  the  pubHc  demands  more.  It  is  therefore  we  would 
stimulate  the  public  demand. 
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OCCULTATIONS. 

*      BT  THE  SBT.   T.  W.  WEBB,  X.A.,   F.S.A.8. 

OuB  somewhat  lengthened  examination  of  the  interior  of  the 
Mare  Grisium  did  not  admit  of  our  extending  oar  sarvey  beyond 
its  immediate  boundaries.  Its  vicinity  contains^  however,  some 
interesting  features.  The  surrounding  elevated  land  is  broken 
up  in  many  places  by  eruptive  force,  and  some  of  the  craters 
deserve  a  passing  notice.  Condorcet  (see  tibie  diagram  in  our 
April  number)  is  a  considerable  crater,  45  miles  in  diameter, 
with  a  very  regular  interior,  but  an  exterior  quite  the  reverse, 
as  is  fre(^uently  the  case  where  such  formations  occur  in  moun- 
tainous regions.  It  is  about  8900  feet  in  depth.  AzaiUi  is  a 
similar  but  smaller  crater,  16  miles  in  diameter;  its  interior 
has  only  2^  of  grey  hght.  Four  ridges  of  some  height,  and 
nearly  equal  in  length,  run  from  itsw€m  to  the  ''sea,^'  includ- 
ing between  them  three  sloping  bowl-shaped  valleys.  Water- 
courses, if  they  were  possible  upon  the  moon,  might  be  looked 
for  in  such  localities,  which  are  not  of  frequent  occurrence. 
This  is  the  remark  of  Beer  and  Madler,  to  whom  the  reader 
will  understand  that  he  is  indebted,  throughout  these  papers, 
for  all  statements  not  expressly  referred  to  other  authorities. 
I  regret  that  in  this,  as  in  numberless  other  instances,  I  can 
add  no  corresponding  observation  of  my  own ;  and  that  with 
regard  to  the  greater  part  of  the  lunar  surface  I  am  unqualified 
to  act  as  guide,  excepting  upon  the  information  of  others. 
Firmicus,  more  than  38  miles  broad,  and  nearly  5000  feet 
deep,  is  connected  with  Azout  by  a  mountain  ridge.  Like  the 
preceding  craters  it  is  of  a  uniform  dark  "  steel  grey,"  which, 
under  a  high  illumination,  though  of  the  same  intensity  of 
light  with  the  Mare  Grisium^  is  different  in  colour,  from  the 
intermixture  in  the  latter  case  of  green.  ApolUmius,  30 
miles  in  diameter,  is  nearly  S.  of  Firmicus,  and  is  the  furthest 
in  that  direction  of  this  crater  gproup.  The  summit  of  its  S.E. 
wall  is  5400  feet  above  the  interior. 

To  the  W,  of  this  object  we  come  to  a  more  level  country, 
remarkable  under  high  lights  for  a  set  of  broad,  crooked,  and 
branching  streaks  of  dark  grey,  somewhat  resembling,  ac- 
cording to  B.  and  M.'s  remark,  the  Saima  lakes  in  Finland. 
They  seem  under  such  circumstances  to  lie  in  a  perfect  plain. 
Near  the  terminator,  however,  they  are  perceived  to  be  valleys 
divided  by  banks  of  moderate  height,  and  associated  with 
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craters.  The  aspect  of  the  district  is  ibhen  so  changed,  that 
its  correct  identification  as  to  details  requires  actual  measure- 
ment. These  great  discrepancies,  thej  observe,  might  easily 
lead  to  the  idea  of  casual  atmospheric  obscurations  or  other 
changes;  but  continuous  and  persevering  observation  shows 
that  they  are  all  periodical,  and  so  entirely  dependent  upon  the 
angle  of  incident  light,  «h^  an  ephemeris  of  these  ph«L>mena 
might  be  constructed  to  serve  for  every  lunation.  Vegetation 
has  been  suggested,  according  to  B.  and  M.,  by  several  astro- 
nomers, as  the  cause  of  these  appearances ;  if  so,  it  would 
require  to  be  of  a  nature  to  run  its  course  in  a  «ngle  lunation. 
In  &v<Nir  of  this  idea  it  might  be  alleged  that  many  valleys  of 
a  precisely  similar  character  are  to  be  met  with,  especially 
near^  the  Poles,  that  show  no  such  grey  iint,  but  preserve 
their  bright  aspect  under  high  illnmination.*  All  this,  how- 
ever, is  little  to  be  depended  upon ;  and  it  must  be  admitted 
that  vegetation,  in  the  absence  of  air  and  water,  is  to  us  incom- 
prehensible. It  had  already  occurred  to  Schroter  that  the 
moon,  from  the  very  slight  inclination  of  its  equator  to  its 
orbit,,  could  possess  scarcely  any  change  of  seasons ;  and  that 
therefore  the  functions  dependent  with  us  upon  summer  and 
winter,  might  there  be  discharged  by  its  lengthened  day  and 
night;  so  that  vegetation  might  be  concerned  in  the  change 
of  colour  for  which  some  spots  are  remarkable  as  contrasted 
with  others,  in  proportion  to  the  increased  angle  of  the  sun's 
rays.  Grruithuisen,  as  might  have  been  expected  from  him, 
pushed  the  matter  much  farther.  He  distinguished  the  grey 
spots  into  three  classes,  each,  as  he  fancied,  characterised  by 
a  ''flora''  of  its  own.  1. — Small  levels  of  a  very  dark  hue, 
which  undergo  no  change,  and  may  possibly  be  covered  with 
forests  of  conifers  I  2. — Numberless  dark  spots  which  acquire 
a  deeper  tone  under  the  advancing  light,  among  which  he 
classes  the  Paludes  Amarce  of  Hevel,  the  very  region  we  are 
now  discussing.  8. — The  grey  plains,  which  gradually  grow 
darker  after  sunrise,  probably  from  the  dispersion  of  a  low 
mist.  And  besides  these  he  noticed  traces  of  another  kind  of 
lunar  flora,  requiring  great  attention  to  be  perceived,  reaching 
as  far  as  25**  of  K.  latitude,  and  graduaUy  creeping  up  the 
valleys  among  the  mountains  as  the  sun  attains  its  greatest 
height.  From  all  this  he  concludes  that  there  is  a  lunar 
vegetation  comprised  between  65°  N.  and  55^  S.  latitude,  most 
luxuriant  near  the  equator,  and  preserving  an  analogy  between 
increasing  relative  height  and  latitude  similar  to  uiat  which 
obtains  on  the  earth.     Our  readers  could  not  be  mudi  won- 

*  It  escaped  6.  and  M.  that  oear  the  Poles  the  sun's  altitude  would  never  be 
siifficieiit  to  admit  of  a  iair  oompanson. 
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dered  at  if  they  were  to  consider  this  ''  all  mooxiBhine/'  nor 
would  a  closer  acquaintance  with  the  author  increase  their  con- 
fidence in  his  judgment.  But  he  had  a  very  fine  eye,  and  there 
may  be  hints  here  not  to  be  despised.  As  to  the  general 
question  of  yegetation^  no  doubt  a  flora  like  our  own  could  not 
exist  under  such  very  adverse  conditions.  But  this  would 
furnish  no  arg^mnent  against  the  possibility  of  one  adapted  to 
its  peculiar  situation^  and  we  must  not  omit  to  mention  that 
one  of  our  first  authorities  on  this  point,  De  laBue^  is  inclined 
to  favour  such  an  idea  firom  the  circumstance  that  in  the  course 
of  his  photogpraphic  investigations  he  has  found  that  parts  of 
the  moon,  equal  in  apparent  brightness,  are  by  no  means  equal 
in  actinic  energy.  This  indicates  the  preaoice,  in  certain 
situations,  of  rays  not  otherwise  manifested,  which  are  inca- 
pable of  producing  a  photographic  efiect — such  a  result  as 
might  naturally  be  expected  if  those  portions  of  the  surface 
were  clothed  with  vegetation. 

I  have  been  repeatedly  struck  with  the  very  singular  aspect 
of  this  region  under  a  high  illumination,  in  its  uncommon  con- 
tour  and  sharply-defined  intermixture  of  light  and  darkness  ; 
and  I  venture  to  think  that  a  very  careful  study  of  it  might 
probably  be  in  some  way  ultimately  rewarded.  We  have  not, 
as  far  as  I  am  aware,  a  single  representation  made  on  an  ade- 
quate scale,  and  with  sufficient  accuracy,  of  the  appearance  of 
this  district  in  the  full  moon,  and  the  attempted  delineation  of 
B.  and  M.  is  scarcely  so  successful  as  the  rouirh  but  charac- 
teristic  draught  gireJ  by  old  HeyeUus,  of  w^S  he  calls  hir 
^'  Paludes  Amarss.^'  This  is  in  fact  not  surprising.  The  object 
of  Beer  and  M8.dler,  as  of  Lohrmann  before  them,  having  been 
the  delineation  of  the  elevations  and  depressions  of  the  surface, 
any  adequate  representation  of  those  varied  tones  of  grey  and 
white,  to  which  the  term  **  local  colour^'  may  be  conveniently 
though  not  very  correctly  applied,  and  which  are  so  strangely 
unconformable  with  the  actual  relief,  would  have  been  a  simple 
impossibility.  Hitherto  the  attention  of  selenographers  has 
been,  naturally  enough,  much  more  directed  to  the  very  intel- 
ligible relief  than  to  the  intricate  and  perplexing  shadowing  of 
the  surface ;  and  hence  we  do  not  as  yet  possess  either  special 
topographical  delineations,  or  a  general  map  of  the  full  moon, 
at  all  corresponding  with  the  present  requirements  of  science.^ 
A  general  chart  would  demand  a  great  expenditure  of  time  and 
labour,  especially  if  the  gradations  of  light  are  accurately  repre- 
sented, without  which  it  would  be  of  little  service ;  but  careful 
drawings  of  separate  spots  might  be  very  advantageously  un- 

*  BqimII'b,  ilffceen  inehes  in  diameter,  publielied  about  1797,  is  the  best  that  I 
hare  seen,  but  it  ia  rather  a  spirited  sketch  than  a  iaithfal  likeneob 
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dertaken  by  amateurs^  and  would  be  easily  executed  with  s 
little  skill  in  outline  and  sbading :  their  comparison  with  views 
of  the  same  objects  in  the  relief  of  light  and  shade  would  be 
instructive^  and  they  might  in  process  of  time  acquire  con- 
siderable importance  as  records  of  the  present  state  of  a  surface, 
whose  markings  may  perhaps  be  found  not  exempt  from  change. 
But  to  return  to  the  Pcdudes  Amarce,  or  Neper  a*  and  its  neigh- 
bourhoodj  as  this  region  is  styl^  by  B.  and  M. :  grey  tracts  of 
a  similar  character^  but  perfectly  unconnected  with  theae^  and 
less  extensive,  are  to  be  found  at  no  great  distance  to  the  W* 
of  the  craters  Hansen  and  Alhaaen  of  B.  and  M.  (see  the  dia- 
gram of  the  Mare  Gridum) ;  another  of  these  streaks  lies 
between  the  Alhaaen  of  Schroter  and  Eimmart;  and  B.  and  M. 
describe  several  less  easily  seen  in  the  extreme  foreshortening* 
of  the  limb. 

The  region  between  the  S.  end  of  the  Mare  Crisium  and  the 
equatorial  limb  of  the  moon,  comprising  the  craters  Neper  and 
Sehviert,  has  been  very  unsatisfactorily  laid  down  by  B.  and 
M.  The  result  of  Mr.  Births  revision  of  their  work  will  in  da& 
time,  we  trust,  be  made  public:  in  the  mean  while,  as  the 
requisite  correction  involves  a  still  larger  district  lying  on  the 
other  side  of  the  equator,  we  shall  postpone  our  notice  of  it  till 
it  comes  before  us  m  the  Fourth  Quadrant. 

There  is  nothing  of  especial  interest  to  the  W.  of  the  Mare 
Crisium.  To  the  N.  and  N  W.  we  meet  with  an  elevated  region, 
as  extensive  as  Germany,  so  entirely  filled  with  craters  and 
ring-plains  that  the  intervening  mountain  ridges  are  reduced 
to  a  position  of  very  inferior  importance,  and  appear  to  serve 
principally  as  means  of  communication,  so  to  speak,  between 
the  more  conspicuous  features.  Several  of  these  latter  we  shal) 
describe  in  detail. 

Oleomedes  (No.  1  in  the  Index  Map)  is  a  fair  specimen  of 
the  formation  which  has  been  at  different  tinles  styled  a  Walled, 
Bulwark,  or  Ring  Plain.  This  peculiar  configuration  of  the 
surface  difiers  from  the  crater  chiefly  in  the  level  character  of 
its  interior,  which  is  frequently  little,  if  at  all,  depressed  be- 
neath the  surrounding  neighbourhood.  It  appears  to  be  the 
type  towards  which  the  larger  and  older  craters  approximate  ; 
but  it  is  difficult  to  obtain  a  clear  or  satisfactory  idea  of  the 
mode  of  its  original  construction,  or  the  stages  tlm>ugh  which 
it  may  have  passed.  We  shall  find,  however,  hereafter  still 
more  characteristic  and  better  situated  specimens  than  the  one 
now  before  us.  Cleomedes  is  about  seventy-eight  miles  in  dia- 
meter, and  of  a  rounded  quadrangular  form ;  less  dark  than  the 
Mare  Crisium,  and  not  everywhere  of  a  uniform  tint.  Schroter 
has  noticed  that  it  is  deepest  beneath  the  E.  wall,  a  peculiarity 
J^  This  latter  in  the  mip  hat  moro  ittembbooe  to  a  **  d.*' 
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exhibiting  itself,  he  says,  in  seyeral  other  similar  great  plains, 
especially  Orimaldi.  The  wall  is  very  broad,  and  falls  on  each 
side  in  terraces — a  mode  of  formation  frequently  recurring  in 
lunar  rings,  and  worthy  of  careful  attention :  it  reaches  a  height 
on  the  W .  side  of  about  8700  feet  above  the  interior,  rising 
on  the  E.  side  nearly  1000  feet  higher,  and,  dividing  in  its 
course,  encloses  on  tiie  NE.  a  steep  depression  named  TralleSy 
lying  no  less  than  13,700  feet  beneath  its  E.  boundary.  Several 
of  the  neighbouring  smaller  craters  are  also,  as  Schroter  has 
remarked  in  this  and  numerous  other  instances,  deeper  than 
the  principal  cayity  with  which  they  appear  to  be  connected. 
It  IS  a  fact  especially  worthy  of  attention,  that,  as  this  observer 
has  pointed  out,  when  one  crater  has  encroached  upon  the 
boundary  of  another,  so  as  to  be  obviously  of  subsequent  date, 
the  more  recent  is  almost  universally  the  smaller,  as  well  as 
the  deeper,  either  absolutely,  or  at  least  in  proportion  to  its 
diamet^. 

The  area  of  Oleomedea  contains  several  small  objects. 
Schroter  at  first  saw  three,  a  low  hill  in  the  centre  between 
two  loftier  objects,  of  which  that  to  the  S.  might  possibly  be  a 
crater,  all  renecting  an  ordinary  light  of  about  4'  of  intensity. 
Subsequently,  under  an  angle  almost  precisely  similar,  he 
found  the  N.  spot  changed  from  a  longish  ridge  to  a  crater  of 
considerable  size,  and  a  brilliancy  of  not  less  than  7"  or  8% 
approaching  that  of  Aristarchus,  the  brightest  spot  on  the 
moon.  In  another  lunation  the  ordinary-looking  hill  and  its 
shadow  reappeared.  On  another  occasion  he  saw  in  this  place 
both  the  ridge  and  two  craters,  the  smaller  of  which  had  6'  of 
light,  close  to  it ;  and  subsequently  he  found  the  larger  crater 
grey  instead  of  white,  and  a  black  shadow  in  both  of  them, 
especially  the  smaller  one,  though  6'  40"  to  7'  removed  from  the 
terminator,  and  though  a  neighbouring  very  deep  crater  (jBer- 
nauilK)  had  lost  nearly  all  its  shade — ^thus  indicating  extraor« 
dinary  depth  and  steepness.  He  had  been  early  persuaded, 
from  many  such  observations,  that  "  the  existence  of  real  acci- 
dental workings  of  nature,  not  dependent  upon  the  different 
reflection  of  light,  lies  so  evidently  before  our  eyes,  that  if  any 
one  would  desire  a  yet  stronger  conviction,  he  would  do  better 
to  give  up  altogether  the  closer  investigation  of  the  lunar 
Bur&ce,  since  he  (Schroter)  did  not  believe  that,  with  due 
regard  to  our  shortsightedness,  more  obvious  proofs  were  pos- 
sible;''  and  he  thinks  it  hence  certainly  demonstrated  that 
these  changes  are  partly  atmospheric,  depending  upon  the  con- 
densations and  clearings  up  of  different  seasons,  and  partly 
indicative  of  other  unknown  agencies  working  according  to 
the  peculiar  nature  of  the  surface.  In  this  respect  he  calls 
attention  to  the  vanations  in  the  colour  of  the  area  of  OUomedes, 


364       Neighbourhood  of  iJie  Lwnar  Spot,  Mare  Orinum. 

at  some  times  much  brighter  and  more  uniform  than  at  others ; 
this^  he  8ays>  may  partly  arise  from  a  different  angle  of  reflec- 
tion^ bat  is  probably  in  part  also  atmospheric,  resembling  the 
periodioal  changes  of  weather  in  some  portions  of  our  globe. 
For,  he  ai^es,  if  reflection  alone  were  concerned,  why  should 
the  change  extend  uniformly  over  the  whole  breadth  of  the 
surface,  instead  of  advancing  across  it  by  degrees  ?  and  why 
should  not  many  other  simile^  surfaces  be  similarly  affected  ? 
while,  on  the  contrary,  as  a  general  rule,  the  greater  spots  pre* 
serve  their  colour  invariable,  whether  bright  or  grey ;  of  which 
he  alleges  Copernicus  and  PUUo  as  instances,  and  the  large 
spots  in  the  immediate  vicinity  of  Cleomedes  itself.  He  haa 
also  called  attention  to  similar  variations  in  the  immediate 
neighbourhood  of  Cleomedes,  especially  between  it  and  the 
Mare  Crisiv/ni,  where  black  shadows  and  grey  patches  among 
the  mountains  exhibited  to  him  a  strange  inconstancy  of  aapect^ 
even  under  similar  angles  of  incidence  and  reflectiou  of  light. 
As  to  all  this.  Beer  and  Madler  would  be  at  issue  wi&  their 
predecessor,  and  would  resolve  the  whole  affitir  into  the  effects 
of  varied  illumination.  It  is  very  probable  that  there  may  have 
been  more  in  this  than  Schroter  has  allowed  for;  and  as  the 
question  affects  the  labours  of  future  selenographers,  and  may 
prove  perplexing  to  the  uninitiated  student,  it  may  be  well  to 
give  some  attention  to  it  in  this  place. 

That  apparent  change  of  position  in  the  lunar  spots  which  is 
termed  Libration,  arises,  as  is  well  known,  from  two  independent 
causes,  and  the  whole  effect  is  a  combination  of  the  results  of  each. 
Libration  in  longitude — ^which  causes  sometimes  more  of  the  E., 
sometimes  more  of  the  W.,  limb  to  come  into  sight,  and  throws 
the  mean  apparent  centre  of  the  moon  at  one  time  into  the  E., 
at  another  into  the  W.  hemisphere — arises  from  the  unequable 
velocity  of  the  moon  in  its  elliptic  orbit,  combined  with  its 
equable  rotation  on  its  axis,  whence  any  given  point  on  its  sur* 
&ce  will  sometimes  appear  in  advance  of,  sometimes  behind,  its 
mean  position.  This  will,  of  course,  alter  the  perspective  pro- 
jection of  all  objects  in  an  E.  and  W.  direction,  affecting  the 
equator  most  strongly,  the  poles  not  at  all ;  while,  as  regards 
the  direction  of  the  incident  solar  light,  and  the  corresponding 
amount  of  shadow,  the  result  will  be  the  same  as  if  the  globe  of 
the  moon  were  swung  slightly  round  its  axis,  backwards  or  for- 
wards, as  the  case  may  be,  alternately  on  each  side  of  its  normal 
or  mean  position.  The  real  length  of  the  shadow  will  thus  be 
a  little  varied,  by  turning  the  object  somewhat  to  or  from  the  sun, 
and  its  projected  (or  apparent)  length,  by  turning  it  somewhat  to 
or  from  the  eye ;  the  former  effect  being  greatest  in  the  centace, 
and  least  near  the  limb,  the  latter  greater  at  a  distance  of  45*"  from 
the  centre  than  in  either  of  those  two  positions.  .  The  extreme 
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amount  of  this  libration  in  longitade  may  be  7**  55'  .each  way.  The 
other  kind  of  libration^  that  in  latitude,  is  of  a  less  simple  nature^ 
and  its  effect  is  not  so  readily  allowed  for.  It  arises  from  the 
fact,  that  the  plane  of  the  moon's  equator  is  ooincident  neither 
with  that  of  the  earth's  orbit  nor  its  ovni.  Were  all  these 
identical,  the  moon's  equator  would  always  pass  as  an  imaginary 
straight  line  across  the  centre  of  the  disc,  and  the  poles  would 
stand  exactly  in  the  limb.  But,  as  the  moon's  orbit  is  inclined 
to  the  ecliptic  at  a  mean  5*"  8'  49',  the  lunar  globe  is  carried^ 
daring  each  revolution,  alternately  aboTe  and  below  the  leyel  of 
the  eye ;  and  hence  the  equator  is  sensibly  straight  only  when 
the  moon  is  in  its  node  or  passage  across  the  edliptic.  At  all 
other  times  it  is  projected,  either  upwards  or  downwards,  into 
a  narrow  semi-ellipse  of  continually-varying  dimensions  cor* 
responding  with  the  moon's  latitude,  and  each  polar  region  in 
torn  comes  more  into  sight,  or  passes  away  into  the  invisible 
hemisphere.  Such  would  have  been  the  case  from  the  inclination 
of  the  orbit,  even  had  the  plane  of  the  moon's  equator  been  co- 
incident with,  or  parallel  to,  that  of  the  ecliptic ;  but,  in  addition 
to  this,  it  is  inclined  to  it  at  an  angle  oi  1*"  28'  47" ;  so  that 
the  whole  change  in  projection,  in  a  N.  and  S.  direction,  may 
amount  at  a  maximum  6*"  47'  on  either  side  of  the  mean 
position.  This  has,  of  course,  the  same  effect  as  the  libration 
in  longitude,  in  proportion  to  its  amount,  on  the  perspective 
foreshortening  of  the  surface,  though  not,  like  that,  in  an  E. 
and  W.,  but  in  a  N.  and  S.  direction.  On  the  contrary,  it  has 
no  influ^ice  on  the  a^ihud  length  of  the  shadows ;  though,  firom 
its  allowing  us  to  see  sometimes  more,  sometimes  less,of  tiie  fore- 
shortened interior  of  a  crater  or  base  of  a  mountain,  there  may  be 
a  little  change  in  their  visible  extent.  It  has,  however,  an  effect 
of  some  importance  on  the  direction  in  which  the  shadows  &11. 
We  have  been  referring  only  to  the  angle  under  which  we 
view  the  surface — in  other  words,  the  angle  of  reflected  light; 
but  the  angle  of  incident  light  has  also  to  be  considered,  since 
it  also  varies,  though  to  a  less  degree.  The  deviation  of  the 
moon  on  either  side  of  the  ecliptic,  is,  in  this  case,  less  im- 
portant, the  880-fold  distance  of  the  sun  rendering  its  angular 
amount  there  so  much  less  than  it  subtends  at  the  earth ;  but 
the  inclination  of  the  lunar  equator  to  the  ecliptic,  as  seen  from 
the  sun,  produces  the  full  effect  of  its  angular  value ;  and  the 
moon's  axis  being  tilted  at  one  time  towards,  at  another  from 
the  sun,  the  direction  of  the  incident  light  will  be  varied  in  the 
same  way,  though  by  no  means  in  so  great  a  degree,  as  in  the 
different  seasons  upon  the  earth ;  the  sun  will  not  rise  and  set 
at  precisely  the  same  points  of  the  lunar  horizon,  or  attain  ex- 
actly the  same  meridian  altitude ;  and  hence,  the  appearance  of 
objects  may  be  much  varied,  especially  of  such  as  lie  neariy  in 
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an  E.  and  W^  direction.  For  instance^  ithe  &ce  of  a  cliff 
may^  from  this  cause^  in  one  lunation  be  visible  in  feeble  illa- 
mination ;  in  another,  at  the  same  age  of  the  moon,  it  may  be 
entirely  darkened  itself,  and  even  cast  a  perceptible  line  of 
shade.  Groithuisen  pointed  out  the  effect  thus  produced  on 
the  dimensions  of  the  shadow  of  the  lunar  Apefmines,  but 
it  seems  not  to  have  been  duly  allowed  for  by  Sduxiter. 

WMle  the  direction  both  of  incident  and  reflected  ligbt 
is  thus  continually  changing  from  the  combined  effect  of  the 
two  librations,  it  is  easy  to  see  how  optical  illusions  may  be 
of  continual  occurrence,  and  how  objects  whose  diyersified 
planes  and  angles  render  their  aspect  peculiarly  dependent 
upon  the  mode  of  illumination,  may  often  exhibit  themselves 
in  a  strangely  altered  guise;  and  the  fact  that  even  the 
maxima  and  minima  of  libration  are  subject  to  some  amount 
of  change,  although  slight,  from  the  peculiarly  variable 
character  of  the  lunar  orbit,  introduces  still  greater  difficulty 
into  the  attempt  to  eliminate,  from  observed  appearances^ 
this  fruitful  source  of  uncertainty  and  deception. 

The  student  will,  it  is  hoped,  regard  with  indulgence  this 
disquisition,  which  has  extended  itself  far  beyond  the  original 
intention,  and  which  goes  in  part  over  ground  traversed  upon 
a  former  occasion.  To  some  readers  it  may  appear  very  un* 
interesting.  But,  as  far  as  I  have  observed,  the  differing 
character  and  combined  result  of  the  two  librations  have  not 
been  fiilly  and  distinctly  elucidated  in  the  ordinary  treatises 
on  elementary  astronomy,  though  it  is  of  especial  importance 
that  the  subject  should  be  clearly  understood  by  the  seleno* 
graphical  student :  in  no  other  way  can  he  form  a  just  notion, 
from  his  own  observations,  of  the  probability  of  actual  change 
in  progress  on  the  lunar  surface,  or  of  its  being  subject  to 
atmospheric  obscuration ;  and  in  no  other  way  could  we  expect 
to  bring  to  any  satisfactory  conclusion  a  comparison  of  the 
labours  of  our  predecessors.  In  the  present,  as  in  many  another 
instance,  B.  and  M.  challenge  the  supposed  variations  of 
Schroter.  On  the  grounds  just  assigned,  implied  rather  than 
distinctly  explained  by  them,  their  position  may  be  defended, 
that  the  alleged  changes  may  be  accounted  for  without  the 
supposition  of  physical  alteration.  On  the  other  hand,  in 
behalf  of  SchrotePs  idea,  his  own  argument  may  be  adduced, 
that  such  merely  optical  effects  must  be  confined  within  narrow 
limits,  or  the  whole  surface  would  appear  to  be  in  a  state 
of  fluctuation  and  uncertainty,  and  changes  would  supervene 
in  the  course  of  a  few  hours'  observation ;  experience  showing, 
on  the  contrary,  a  great  and  general  uniformity,  which  renders 
the  occasional  exceptions  the  more  remarkable  :  to  which  may 
be  added  that  all  such  variations  must  be  periodical,  and  would 
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ultimately  compensate  themselves  tmder  the  eye  of  a  patient 
observer: — the  epoch  of  mean  libration  returning  abnost 
exactly  at  the  ena  of  every  three  years.  So  that  at  present 
the  decision  of  this  cnrions  question  may  perhaps  be  considered 
as  in  abeyance :  if  we  are  forced  to  conclude  that  Schroter 
was  often  mistaken  from  not  sufficiently  adverting  to  the 
effects  of  libration,  or  from  his  imperfect  mode  of  measuring  it, 
we  may  ourselves  occasionally  err  on  the  other  side,  and  only 
impede  fair  and  full  investigation,  by  ascribing  everything 
wmch  we  do  not  know  how  to  account  for  to  this  cause  alone. 

To  return  in  conclusion  to  Oleomedea,  the  original  source  of 
all  this  discussion.  The  objects  in  the  interior  specified  by 
B.  and  M.  are,  a  central  hill,  6®  bright  in  the  full  moon,  but  not 
very  distinguishable  under  oblique  illumination:  it  is  not 
eviaent  whether  this  is  the  same  with  the  hill  described  by 
Schroter,  or  whether  what  he  saw  was  a  part  of  the  ring  of  a 
small  crater  (B  in  the  map  of  B.  and  M.),  a  little  S.  of  it : 
three  deep  craters  equally  luminous  in  the  darker  S.  part,  of 
which  the  map  shows  but  two,  that  furthest  S.  lying,  where 
Schroter  once  perceived  it,  at  the  foot  of  the  wall : — and  in  the 
N.  part  three  somewhat  larger,  that  in  the  W.  8®  bright  and  very 
conspicuous,  but,  as  even  these  advocates  of  unchangeableness 
are  obliged  to  admit,  not  always  equally  defined,  in  the  fiillmoon. 

Gruithuisen  tells  us  that,  1825,  April  6,  he  saw  distinctly  in 
the  W.  part  of  the  interior  of  GUomedee  elevations  resembling 
long  straight  hills,  including  several  rhombus-shaped  spaces 
between  them.  These  rapidly  became  invisible,  and  he 
thought  the  appearance  indicative  of  something  artificial,  per- 
haps connected  with  cultivation.  His  figure,  as  engraved  by 
Bode,  represents  between  the  W.  wall  and  the  central  hill, 
which  is  double  and  casts  a  long  shadow  across  half  the  plain 
to.  the  WSW.  (thus  showing  the  libration  at  the  time),  an 
object  of  considerable  size,  like  a  lozenge  in  heraldry;  in  fact, 
a  foreshortened  square  lying  obliquely,  subdivided  into  four 
similar  spaces  by  a  cross-bar  each  way.  But  Gruithuisen  him- 
self condemns  it  as  an  unsuccessful  representation. 

In  an  old  sketch  of  my  own,  1849,  April  26,  the  central 
hill  is  also  represented  as  distinctly  double  j  and  there  are  two 
craters  to  the  N.  as  in  Schroter,  the  larger  one  having,  as  he 
has  described  it,  a  small  elevation  in  the  midst  of  its  grey 
interior.  I  have  not  yet  examined  Cleomedes  with  my  present 
mstrument. 

On  a  mountain  plateau,  a  little  to  the  left  of  this  great 
ring»  B.  and  M.  describe  a  crater  between  four  and  five  miles 
across,  on  whose  wall  another  of  one-third  its  diameter  has 
encroached.  This  latter  is  worthy  of  notice,  as  being  appa- 
rently deeper  than  it  is  broad. 


868  On  the  Herring. 

TRANSITS  OF  JUPrrSB'S  SATKLLITES. 
June  6tib.    Shadow  of  11.   departs^   lOh.   ISm.      7tli.  L 
enters,  12h.  20m. ;  its  shadow,  12h.  56m.     9tk  Shadow  of  II. 

rsoff,  9h.  37m.  13th.  Shadow  of  II.  enters,  lOh.  27m.; 
goes  off,  llh.  20m.  16th.  I.  departs,  lOh.  45m.;  its 
shadow,  llh.  31m.  Shadow  of  III.,  llh.  33m.  (an  interesting 
conjanctmre ;  the  two  shadows  will  appear  on  the  disc  together, 
that  of  III.  being  distinguishable  by  its  larger  size  and  slower 
motion,  and  they  will  pass  off  nearly  at  the  same* time).  20th. 
II.  enters,  llh.  20m.  23rd.  III.  enters,  9h.  4p9m.;  I.  follows, 
lOh.  21m.;  shadow  of  I.,  llh.  14m.;  lU.  goes  off,  llh.  52m.; 
its  shadow  not  entering  till  13h.  22m. 

OOCULTATIOira. 
Jnne  11th.  p*  Leonis,  6  mag.,   lOh.   38m.  to   llh.  37m. 
17th.  ©'  Scorpii,  4^  mag.,  12h.  27m.  to  13h.  34m. 


ON  THE  HERRING. 

BT  W.   NEWTON  MACCSABTNIST,  COB.   SEC.    Q.  N.  8. 

The  history  of  the  Ghi/pea  harengus  is  bat  imperfectly  known, 
onr  information  comprising  only  a  few  more  easily  observed 
&cts,  while  those  habits  which  would  assist  ns  in  the  preserva- 
tion and  cultivation  of  the  herring-fishery  have  as  yet  escaped 
onr  notice.  What  has  been  discovered  is  only  the  foundation 
for  future  efforts,  which,  if  conducted  systematically,  cannot  fail 
to  produce  valuable  results.  While  our  information  concerning 
some  of  the  lower  forms  of  life  is  so  complete,  it  is  to  be  re- 
gretted that  our  knowledge  of  the  herring  is  so  meagre,  for  we 
lay  ourselves  open  to  the  cvi  bono  of  the  ut'ditarian,  who,  ever 
ready  to  pounce  upon  the  naturalist,  demands  why  we  spend 
time  unravelling  the  generation  of  the  medussB,  the  animalily  of 
the  zoophytes,  and  other  questions,  to  the  neglect  of  those 
which,  like  the  habits  of  the  herring,  have  a  greater  interest, 
and  are  of  more  economic  value.  As  yet,  it  must  be  confessed, 
deep  mystery  hangs  over  such  questions  as  the  age^  season  of 
spawning,  and  many  other  habits  of  the  herring,  which,  for  the 
public  good,  should  be  cleared  up  and  set  at  rest,  for  measures 
taken  in  ignorance  may  result  in  the  extermination  of  a  most 
important  and  valuable  fishery. 

The  herring  is  placed  among  the  Physostomes,  with  the 
salmon,  cod,  eel,  and  other  fishes,  because  the  air-bladder  and 
stomach  are  joined  by  means  of  an  air-tube  passing  from  the 
one  to  the  other.  It  belongs  to  the  order  of  Malacopterons 
fishes,  which  have  their  fins  supported  by  flexible  and  branched 
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jointed  rays,  and  are  possessed  of  comb-like  gills^  with  very 
large  gill  orifices.  The  most  important  family  in  this  order  is 
the  Glnpeoid^  embracing  the  herrings  sprat^  whitebait,  pilchard, 
and  asickoYj,  with  many  more  fishes,  largely  made  nse  of  for 
food. 

The  herring  is  ezclosively  an  old-world  fish^  bein^  confined 
to  the  coasts  of  Britain  and  Enrope,  but  neyer  found  on  those 
of  America.  It  congregates  in  large  shoals,  swimming  near 
the  surface  of  the  water,  and,  because  of  its  numbers,  has  re- 
ceived the  specific  name  of  hartmgus,  which,  according  to  Artidi, 
is  the  latinized  form  of  the  German  word  "  haring  " — a  host. 
From  observations  made  on  its  growth,  we  [are  disposed  to 
believe  that  it  is  found  in  four  conditions ;  or,  in  other  words, 
it  has  four  names  for  its  various  stages  of  growth.  The  fry, 
which  are  small,  minute  fish  newly  escaped  from  the  egg,  retain 
this  name  till  they  reach  the  second  ste^e,  when  they  measure 
from  five  to  six  inches  in  lengthy  and  are  then  called  maties. 
While  maties,  there  is  a  large  deposition  of  fat  surrounding  the 
alimentary  canal,  which  is  stored  up  for  the  use  of  the  individual 
during  the  breeding  season.  While  in  the  matie  form,  the  repro- 
ductive organs  are  but  slightly  developed,  but  as  they  become 
foil  herrings,  which  is  the  name  for  the  third  change,  the  stored 
fat  becomes  absorbed,  and  by  some  is  thought  to  assist  in  the 
development  of  the  ova,  which,  in  the  full  herring,  attains  its 
fullest  growth,  and  is  then  shed  or  deposited. 

After  the  performance  of  this  function,  the  fish  is  sickly 
and  weak,  and  is  then  called  a  shotten  or  spent  fish.  These 
four,  the  fry,  matie,  full,  and  spent,  comprise  the  changes  which 
the  herring  undergoes  from  its  escape  from  the  egg  till  its  per- 
formance of  the  reproductive  function.  While  passing  through 
these  changes,  it  moves  from  deep  to  shallow  water,  according 
to  the  season  of  the  year  and  the  requirements  of  nature.  The 
older  writers  believed  that  the  herring  was  only  a  visitant  to 
our  shores,  coming  in  great  "  sculls,^^  or  shoals,  irom  the  Arctic 
seas  to  spawn  upon  our  shallows,  and  after  circumnavigating 
our  islands,  journeying  back  to  their  icy  houses  in  the  northern 
ocean.  Pennant,  unable  to  account  for  them  after  they  left  the 
spawning-beds,  considered  they  must  have  returned  to  the 
Arctic  seas,  "  in  order  to  recruit  themselves  after  the  fatigue  of 
spawning.^'  He  never  took  into  account  the  exertion  and 
labour  of  a  journey  due  north,  nor  the  difficulty  of  getting  sufii- 
cient  food  in  the  ice-bound  seas  around  Spitzbergen.  We  have 
the  testimony  of  Arctic  explorers  that  the  herring  is  compara- 
tively rare  in  the  north ;  and,  above  all,  we  know  that  they 
never  leave  our  seas,  but  remain  in  deep  water  not  far  from  the 
spawning-beds. 

The  fry,  after  leaving  the  egg,  move  about  on  the  shallow 
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spawning-groQiid  till  they  attain  a  few  inches  in  size,  and  then 
they  take  to  the  deep  water  near  the  shore^  where  they  find 
abundance  of  small  Crustacea  and  animalcnkd  on  which  they  feed 
and  become  fat  maties.  They  then  change  into  full  herrings^ 
and  leave  the  deep  sea^  approaching  the  shore  where  it  is  suit- 
able for  spawning,  andthere^  in  great  numbers,  one  shoal  aboTe 
another,  extending  for  many  miles,  they  begin  to  shed  the 
spawn,  which  falls  to  the  bottom,  and,  being  of  a  sticky  natare> 
clings  to  the  stones,  and  there  remains,  unless  disturbed  by 
storms  or  trawls,  till  the  young  fry  burst  the  egg.  The  spent 
fish  then  leave  the  shallow  water,  and  seek  rest  and  food  in  the 
deep  waters  far  beyond  the  reach  of  the  net. 

How  long  the  herring  takes  in  passing  through  these 
changes,  and  becoming  an  adult  fish,  is  not  known.  Some  think 
two,  and  others  as  many  as  seven  years  are  required* 

We  are  not  disposed,  for  various  reasons,  to  agree  with 
these  observers,  for  we  consider  that  all  the  time  required  is 
not  more  than  one  year.  When  we  consider  that  each  shoal  of 
fish  affects  a  certain  specified  part  of  the  sea,  never  spawning 
except  on  the  ^'  family  ground,^'  we  cannot  account  for  the 
plenty  of  one  year  and  the  scarcity  of  the  next,  except  by  the 
theory  that  they  pass  firom  the  ova  to  the  adult  in  one  year.  If 
we  compare  the  ages  and  changes  of  a  herring  with  those 
of  a  salmon,  we  think  that  the  following  estimate  of  the 
herring's  age  will  be  tolerably  exact :  —two  weeks  for  the  pro- 
duction of  the  fry  firom  the  egg,  three  months  te  become  a 
matie,  four  months  to  feed  and  fatten  inte  a  full  fish,  and  two 
months  to  develope  the  ova  and  te  shed  it,  thus  TnATging  ten 
months  from  leaving  the  egg  till  it  becomes  a  shotten  herring 
readv  te  retire  into  deep  water,  there  te  become  again  a  fufi 
herrmg,  and  thus  for  years  returning  te  spawn,  if  it  is  lucky 
enough  to  escape  the  enemies  which  are  always  ready  te  devour 
and  destroy  it. 

The  enemies  of  the  herring  are  legion.  Codfish,  hakes,  eels, 
and  porpoises  pursue  it  beneath  the  waves.  Razorbills,  gannets^ 
and  gulls  watch  its  progress  from  above,  and  man,  provided  with 
implements,  does  his  utmost  to  capture  and  destroy  it.  Such 
havoc  is  made  by  the  fish  among  the  spawn  and  fry  that  only 
one  fish  in  every  six  thousand  eggs  comes  te  maturity ;  yet, 
with  such  a  wa8te>  the  numbers  remain  as  great  as  ever,  for 
each  full  fish  deposits  about  seventy  thousand  eggs ;  so  that 
there  is  every  probabiUty,  if  the  fishing  is  rightly  conducted,  of 
plenty  continuing  to  all  time. 

The  fish  are  said  to  be  sometimes  erratic  in  their  tastes, 
affecting  one  spawning  ground  for  many  years,  and  then  for- 
saking it.  Pennant  considered  they  became  dissatisfied  with 
the  beds,  and  thus  left  them,  but  the  true  reason  is  the  illegal 
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and  suicidal  means  which  have  been  used  for  their  captare^ 
resulting  in  overfishing  of  the  herring  and  the  destruction  of  the 
spawn.  When  trawUng  is  practised^  great  damage  is  done  to 
the  spawn^  and  the  net  being  drawn  through  a  ''  scull/*  or 
shoal  of  the  fish,  breaks  what  is  called  the  "  eye**  of  the  fish,  or, 
in  other  words,  scatters  the  shoal,  and  frightens  them  from 
their  usual  haunts. 

Pennant  was  wrong  in  supposing  that  the  one  shoal  of  her- 
ring visited  various  spawning-beds,  for  every  fish-curer  knows 
well  that  the  fish  frequenting  one  loch  or  bay  is  different  from 
those  spawning  ten  miles  distant.  In  fact,  the  fish  can  be  dis- 
tinguished as  Lochfynes  or  Stomoways  with  perfect  ease,  thus 
proving  beyond  doubt  that  they  have  but  a  local  range,  and 
return  to  spawn  on  the  same  shallows  they  formerly  frequented. 

These  spawning-beds  are  well  known  to  the  fishers,  who 
often  use  illegal  means  to  compass  the  capture  of  the  spawning 
fish  by  employing  trawl-nets,  which,  dragged  over  the  mass  of 
spawning  and  gravid  fish,  tears  up  the  spawn  and  entangles 
great  quantities  of  the  fish. 

The  spawn  torn  from  the  bottom  is  driven  by  the  tide  ashore, 
and,  consequently,  rendered  useless.  The  trawl  compasses  the 
capture  of  the  sickly,  weak,  and  unhealthy  fish,  and  renders 
them  unfit  for  preservation. 

Trawling  is  made  illegal  on  the  west  coast  of  Scotland,  yet 
there  are  many  who  risk  their  property  in  the  pursuit ;  and  as 
there  is  both  excitement  and  profit  in  the  work,  all  the  efforts 
as  yet  made  have  been  unsuccessful  in  putting  ixx  end  to  it. 
The  peculiar  mode  of  fishing  adopted  by  the  trawlers  is  as 
follows : — A  net,  about  one  hundred  yards  in  length,  with 
meshes  of  three-quarters  of  an  inch  in  size,  is  supplied  with 
corks  on  one  edge  and  heavy  weights  on  the  other,  and  this  is 
attached  by  the  extreme  ends  to  two  boats,  one  of  which  remains 
stationary  over  the  spawning-bed,  while  the  other  describes  a 
circle  round  it,  returning  close  to  the  side  of  its  consort.  By 
this  act,  the  net  which  has  sunk  to  the  bottom  is  dragged  round 
myriads  of  the  spawning  fish  and  enclosed.  The  net  is  now 
raised  to  the  surface,  and  the  fish  taken  on  board,  when,  with 
sail  and  oar,  the  boat  makes  for  the  harbour,  there  to  dispose  of 
the  ill-gotten  gains  for  a  good  round  sum,  because  the  first  of 
the  market  is  gained,  as  the  drift-net  fishers  are  not  able  to  get 
into  port  till  on  in  the  day. 

When  the  trawlers  come  ashore,  large  quantities  of  spawn 
is  found  in  the  boat,  and,  according  to  good  authority,  many 
tons  are  cast  ashore  after  the  trawl  has  been  in  operation. 
Couch  bears  testimony  to  the  destruction  caused  by  the  trawl^ 
and  fears  for  the  ultimate  value  of  our  fisheries. 

To  understand  the  drift-net  fishings  we  wiU^  as  the  night 
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approaches^  slip  on  board  a  fisliing  crafty  and  spend  a  night  at 
the  sea.  As  the  son  sinks  beneath  the  western  hills  we  leave 
the  shore,  our  sails  are  unfurled,  and  our  boat  dashes  out  to  sea. 
The  fishers  watch  for  signs  of  the  herring,  which  are  easilj 
noticed,  for  yonder  the  gi^ls  and  gannets  are  in  plenty,  wheel- 
ing in  the  air,  and  then  dashing  into  the  sea,  emerging  with  a 
clupea  for  supper.  The  herring  are  there  in  plenty,  and  to 
that  place  our  course  is  shaped.  Ab  we  approach,  a  faint 
phosphorescence  is  noticeable  on  the  waters,  caused  by  the  pre- 
sence of  the  herring  ^^  scull.^'  Here,  then,  we  begin  to  shoot 
our  nets,  which  are  in  lengths  of  800  to  2000  yards,  having 
meshes  of  one  inch.  The  net,  a^  it  is  passed  over  the  stem  of 
the  boat,  has  small  corks  along  the  upper  edge,  with  here  and 
there  large  bladders,  which  keep  it  above  the  surface,  while  the 
lower  and  under  part  sinks  to  a  depth  of  eight  yards.  When 
all  the  net  is  out,  the  boat  is  allowed  to  drift,  with  the  net 
attached.  When  morning  breaks  the  net  is  hauled  in,  the 
fish  unmeshed,  and  then  the  boat  is  turned  harbourwards,  with 
her  cheeping  cargo — ^for  the  fish  emit  a  sound  similar  to  that — 
and  we  arrive  just  as  the  sun  rises  above  the  eastern  hilLs, 
gilding  with  glory  the  rippling  waves.  The  drift-net  allows 
the  fish  to  entfoigle  themselves — ^no  force  is  used,  and  the  shoals 
of  fish  are  not  disturbed,  for,  while  the  fish  are  moving  about 
daring  the  night  they  oome  against  the  meahes,  and  in  their 
efforts  to  pass  on  get  caught  by  the  gUl  covers,  and  are  cap- 
tured. The  herring  caught  in  the  drift-net  are  all  healthy,  Uvely 
herring,  because  only  these  swim  near  the  sur&ce.  They  are, 
therefore,  '^  halesome  faring,'^  while  those  taken  by  the  trawl 
are  unfit  for  human  food. 

Herrinff  can  be  caucrht  by  means  of  bait,  and  they  often 
rise  to  an  artificial  fly;  bnt  the  formation  of  their  gills.  ^^ 
the  tenderness  of  their  mouth,  renders  their  capture  dbifficult. 

We  have  made  mention  of  the  fish  leaving  some  spawning- 
beds,  and  staying  away  for  many  seasons.  The  fisher  thinks 
they  are  scared  by  noise ;  and  m  Scotland,  in  olden  times,  no 
oannon  was  allowed  to  be  fired  during  the  time  of  spawning. 
It  is  said  that  the  herring  forsook  the  Baltic  after  the  battle  of 
Copenhagen,  and  are  only  now  returning  to  their  former 
haunts. 

Lately  an  outcry  arose  against  burning  kelp  and  running 
steamboats,  as  the  smoke  of  the  one  and  the  noise  of  the  other 
scared  the  fish  away:  but  the  most  wonderful  reason  eriven 
for  their  disappear/nce  is  that  mentioned  by  a  Meml^r  of 
Parliament,  in  1835,  before  the  House  of  Commons.  He  said 
that  the  herring  had  deserted  the  coasts  near  the  residence  of 
a  priest  who  had  signified  his  intention  of  taking  tithes  of  fish. 

In  concluding  this   brief  sketch  of  the  herring  and  its 
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history^  we  caimot  forget  to  draw  attention  to  the  recent 
inquiry  made  by  the  Royal  Commissioners.  Much  valuable 
information  has  been  gained  by  it  concerning  this  important 
fishery ;  and  it  is  to  be  hoped  that  the  exposure  of  our  igno- 
rance will  result  in  some  experiments  being  made  to  discover 
the  true  answers  to  such  questions  as  those  we  have  mooted  in 
this  paper. 

We  think  that  a  series  of  experiments  similar  to  those  made 
upon  the  salmon  would  be  of  great  use.  We  are  aware  of 
some  who  are  willing  to  aid,  both  with  time  and  money,  in 
conducting  such  experiments ;  and,  in  our  opinion,  till  such  is 
done,  the  herring  will  be  as  great  a  mystery  as  the  salmon 
was. 


•    COMETS. 
AX  Acoonrr  of  all  thx  ookbtb  whose  obbits  hatb  vot  bsxh  oalovxatbp. 

BY  G.   r.   CHAMBERS. 
(Continued  from  page  221,  vol,  t.) 

840  [ii.]  On  December  3  a  comet  was  seen  in  the  E.  coun- 
try.— (Ma-tuoan-lin.)  * 

841  [i.]  Before  the  battle  of  Fontenay  (that  is,  before  June 
25),  a  comet  was  seen  in  Sagittarius. — {Annal.  Fuld,)  lu 
July  or  August  a  comet  was  seen  near  x  Aquarii. — (Ma- 
tuoan-lin.) 

841  [ii.]  On  December  22  a  comet  was  seen  near  «  Piscis 
Australis ;  it  passed  through  Pegasus  into  the  circle  of  perpe- 
tual apparition.  On  February  9,  842,  it  had  disappeared. — 
(Gbubil.)  It  was  seen  in  the  W.  from  January  7  till  February 
13. — (Chron.  Turon.) 

852.  In  March — ^April  a  comet  appeared  in  Orion. — (Ma- 
tuoan-lin.) 

855.  A  comet  was  seen  in  France  for  three  weeks. — 
{Chronicon  8,  Maxentii,)     Perhaps  in  the  month  of  August. 

857.  On  September  22  a  comet  with  a  tail  3*  long  was 
seen  in  Scorpio. — (Ma-tuoan-lin.) 

858.  At  the  time  of  the  death  of  Pope  Benedict  III.  a  comet 
appeared  in  the  E. ;  its  tail  was  turned  towards  the  W. — (Ptole- 
meduslincevLsis,  Historia  Eccledastica,  xvi.  9.)  Benedict  died 
on  April  8. 

864.  On  May  la  comet  was  seen. — {OhroniconFloriacense,) 
On  June  21  a  comet  was  seen  to  come  from  the  E.  It  was 
near  a  and  /8  Arietis,  and  had  a  tail  3^  long. — (Ma-tuoan-lin.) 

866.  Comets  were  seen  before  the  death  of  Bardas. — (Con- 
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stantinns  Porphyrogeimetas^  Incerti  Continuatorisj  iv.)    Bardas 
was  killed  on  April  21. 

868.  About  January  29  a  comet  was  seen  for  seyenteen 
days.  It  was  under  the  tail  of  the  Little  Bear^  and  advanced 
to  Triangulum. — {Annal.  Fuld,)  It  was  seen  in  China  in  the 
sidereal  divisions  of  7  Arietis  and  «  Muscae. — (Ma<tuoan-lin.) 

869.  A  comet  announced  the  death  of  Lotharius  the 
Younger. — (Pontanus,  Historia  Oelrieay  v.)  Lotharius  died  on 
August  8.  In  September  a  comet  was  observed  near  %^  k,  0,  r, 
Persei.     It  went  to  the  N.E. — (Ma-tuoan-lin.) 

873.  A  comet  was  seen  in  France  for  twenty-five  days. — 
{Chronicon  Andegavense,) 

875.  The  death  of  the  Emperor  Louis  II.  was  announced 
by  a  burning  star  Uke  a  torch^  which  showed  itself  on  June  7 
in  the  N.  It  was  seen  from  June  6  in  the  N.E.  at  the  first 
hour  of  the  night.  It  was  more  brilliant  than  comets  usually 
are^  and  had  a  fine  tail.  This  bright  comet^  with  its  long  tail, 
was  seen  morning  and  evening  during  the  whole  of  June. — 
{Breve  Ohrcnicon  Andrece.)  After  harmonizing  some  discrepan- 
cies of  dates,  Pingr6  says,  "  The  comet  would  have  appeared 
on  June  3  in  Aries ;  having  but  little  latitude,  it  would  con- 
sequently have  risen  a  little  after  midnight,  and  would  have 
been  seen  that  same  night.  The  following  days^  as  its  longi- 
tude dimifdshed,  and  its  north  latitude  increased,  it  would  have 
been  seen  by  June  6  or  June  7,  in  the  evening,  towards  the 
N.E.— (Ooma^.  i.  349.) 

877.  ''In  the  second  year  of  the  entrance  of  Charles  the 
Bald  into  Italy  a  comet  was  seen  in  the  month  of  March  in  the 
W.  and  in  the  constellation  Libra.  It  lasted  for  fifteen  days, 
but  was  less  bright  than  the  preceding  one  [that  of  875].  In 
the  same  year  the  Emperor  Charles  died.'' — (Chronicon  Novali' 
dense,)  Being  in  Libra^  it  was  in  opposition  to  the  Sun,  and  was 
therefore  visible  all  night ;  in  the  evening  in  the  E.  and  in  the 
morning  in  the  W. — (Pingrfe  OomeL  i.  350.)  Ma-tuoan-lin  says 
that  it  appeared  in  the  fifth  Moon,  or  in  June — July. 

882.  On  January  18,  at  the  first  hour  of  the  nighty  a  comet 
with  a  prodigiously  long  tail  was  seen. — [AnnaL  Fuld.) 

885.  A  comet  was  seen  between  a  or  9r  Persei  and  tc  Gremi- 
norum. — (Ma-tuoan-lin.) 

886.  On  June  13  a  comet  was  seen  in  the  sidereal  divisions 
of  fj?  Scorpii  and  y  Sagittarii.  It  traversed  Ursa  Major  and 
Bootis,  near  o  and  tt. — (Ma-tuoan-lin.) 

891.  On  May  12  a  comet  with  a  tail  100^  long  appeared 
near  the  feet  of  Ursa  Major;  it  went  towards  the  E.  It 
passed  by  a  Bootis,  and  went  into  the  vicinity  of  fi  Leonis. 
On  July  5  it  had  disappeared. — (Ma-tuoan-lin;  J.  Asserius. 
Annates.) 
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892  [i.]  A  comet  appeared  this  year  in  the  tail  of  Scorpio.  It 
lasted  four  weeks^  and  was  followed  by  an  extreme  drought  in 
April  and  May. — {Chron,  Andegav,)  In  June  a  comet  with  a 
tail  2'  long  appeared. — (Ma-tuoan-lin.) 

892  [ii.]  In  November — ^December  a  comet  appeared  in 
the  sidereal  divisions  of  ^  Sagittarii  and  ff  Capricomi. — (Ma- 
tnoan-lin.) 

892.  [iii.]  On  December  28  a  comet  appeared  in  the  S.W. 
On  December  31,  the  sky  being  cloudy,  it  was  not  seen. — 
(Ma-tuoan-lin.)     This  may  be  identical  with  the  preceding. 

893.  After  several  months  of  very  bad  weather,  the  clouds 
went  away,  and  on  May  6  a  comet  was  seen  near  c  and  k 
UrssB  Majoris,  with  a  tail  100'  long.  It  went  towards  the  E., 
entered  the  region  lying  around  /9  Leonis,  and  traversed  Bootis 
near  Arcturus,  passing  the  region  around  a  Herculis.  It  was 
visible  for  six  weeks,  and  its  length  gradually  increased  to  200\ 
The  clouds  then  hid  it. — (Ma-tuoan-lm.)  The  length  is  incredi- 
ble, though  Gaubil  gives  the  same. 

894.  Li  February — March  a  comet  was  seen  in  Gemini. — 
(Ma-tuoan-lin.) 


LITERARY  NOTICES. 

Ok  the  Structure  of  thb  bo-callep  Apolab,  Unipolar,  and  Tri- 
poiiAR  Nerve  Cells  of  the  Frog.  By  Lionel  S.  Beale,  F.R.S.  etc., 
etc.     Trans.  Royal  Sac,,  xzvi. 

On  Defioienct  of  Vital  Power  in  Disease.  Br  Lionjsl  S.  Beale, 
M.D.,  F.R.S.,  etc.  (Richards). 

First  Prinoiples.    Ibid, 

Archives  of  Medicine,  Edited  bt  Lionel  S.  Beale,  vol.  iv. 
(Churchill). 

The  first  of  these  publications  would  alone  secure  for  Dr.  Beale 
a  foremost  place  amongst  physiological  microscopists.  The  plates 
are  beautifol  illustrations  of  a  series  of  investigations  trulj  wonder- 
fnl  for  the  care  and  skill  with  which  they  have  been  carried  out. 
Thej  are  as  much  an  honour  to  the  microscopical  science  of  our 
country,  as  they  are  proofs  of  the  highest  order  of  talent  for  this 
dass  of  research.  We  made  a  slight  mention  of  this  paper  in  our 
number  for  Sept.  1863,  p.  148,  and  we  now  present  the  reader  with  a 
summary  of  the  most  important  of  its  author's  conclusions : — 

'*  1.  That  in  all  cases  nerve  cells  are  connected  with  nerve  fibres, 
and  that  a  cell  probably  influences  only  the  fibres  With  which  it  is 
structurally  continuous.  2.  That  apolar  and  unipolar  nerve  cells 
do  not  exist ;  but  that  all  nerve  cells  have  at  least  two  fibres  in 
connection  with  them.  8.  That  in  certain  ganglia  of  the  frog  fchere 
are  large  pear-shaped  nerve  cells,  from  the  lower  part  of  which  two 
fibres  proved  a  straight  fibre  continuous  with  the  central  part  of  the 
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body  of  the  cell,  and  a  Jlhre  or  fibres  contintiOTis  with  the  circnin- 
ferential  part  of  the  cell,  which  is  coiled  spirally  round  the  straight 
fibre.  4.  These  two  fibres  often  lying  very  near  to,  and  in  some 
cases,  when  the  spiral  is  very  lax,  nearly  parallel  with  each  other, 
at    length    pass   towards    the    periphery   in     opposite  directions. 

5.  Granglion  cells  exhibit  different  characters,  according  to  their 
age.  In  the  youngest  cells  neither  of  the  fibres  exhibit  a  spiral 
arrangement :  in  fully  formed  cells  there  is  a  considerable  extent  of 
spiral  fibre ;  but  in  old  cells  the  number  of  coils  is  much  greater. 

6.  These  ganglion  cells  may  be  formed  in  three  ways,  a,  from  a  gran- 
ular mass,  like  that  which  forms  the  early  condition  of  all  struc- 
tures ;  by  by  the  division  or  splitting  up  of  a  mass  like  a  single 
ganglion  cell,  but  before  the  mass  has  assumed  the  complete  and 
perfect  form ;  e,  by  changes  occurring  in  what  appears  to  be  the 
nucleus  of  a  nerve  fibre  ....  8.  There  are  nuclei  in  the  body  of 

the  cell 9.  The  matter  of  which  the  nucleus  is  composed 

has  been  termed  by  me  germinal  matter.     From  it  alone  growth 

takes  place 10.  The  nucleolus  consists  of  germinal  matter. 

....  15.  As  nerve  fibres  grow  old,  the  soluble  matters  are  ab- 
sorbed, leaving  a  fibrous  material  which  is  known  as  connective 
tissue,  and  corresponding  change  is  observed  in  other  textures  both 
in  health  and  disease." 

We  are  very  glad  that  the  two  lectures  called  "  First  Principles," 
and  "On  Deficiency  of  Vital  Power,"  have  been  published  in  a 
cheap  pamphlet  form,  because,  whatever  doubt  may  attach  to  certain 
portions  of  Dr.  Beale's  speculations,  the  facts  which  he  adduces  and 
very  much  of  his  reasoning  appear  to  us  essential  to  the  right 
understanding  of  many  highly  important  problems.  Instead  of 
vaguely  telling  his  pupils  that  irritation  excites  inflammation,  ho 
shows  that  in  a  normal  state  what  he  terms  "  germinal  matter," 
in  living  ceUs,  receives  and  converts  a  regulated  portion  of  nutri- 
ment from  without.  By  softening  the  layer  of  what  he  terms 
"  formed  material,"  which  surrounds  the  germinal  matter,  or  by 
tearing  through  the  formed  material,  an  abnormal  quantity  of 
pabulum  is  introduced,  and  an  excessive  action  of  the  germinal 
matter  takes  place  that  is  not  consistent  with  the  health  of  the 
organism  of  which  the  cells  form  a  part.  **  The  abnormal  pus  cor- 
puscle is  produced  from  the  germinal  or  living  matter  of  a  normal 
epithetial  cell,  in  consequence  of  the  germinal  matter  of  this  cell 
being  supplied  with  pabulum  much  more  freely  than  in  the  normal 
state." 

In  the  other  lecture  Dr.  Beale  lays  down  the  proposition  that  all 
living  particles  have  sprung  from  pre-existing  living  matter.  It 
cannot  be  said  that  we  knoto  this ;  but  it  may  be  true.  "  Each 
separate  particle  increases,  not  by  particles  already  existing  being 
applied  to  it,  *  or  coalescing  with  it,  but  by  the  passage  of  soluble 
matters  into  its  very  substance,  and  their  conversion  into  matter  of* 
the  same  kind."  Arguing  logically  from  the  premisses  we  have 
extracted,  Dr.  Beale  contends  that  pus  cells,  cancer  cells,  and  so 
forth,  exhibit  a  high,  and  not  a  low  degree  of  vitel  activity. 

Disease  often  differs  from  health  only  in  the  too  great  activity 
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"with  whicli  certain  fnnctions  are  performed,  and  he  shows  that 
alcohol,  hj  hardening  the  ontside  layer  of  cells,  diminishes  the  supply 
of  nutriment  that  reaches  the  germinal  matter,  and  thus  checks  the 
excess  of  action  that  is  doing  harm. 

Having  assailed  the  sham  explanations  of  ordinary  physiologists 
about  "  diminution  of  vital  force,"  "  irritation,"  etc.,  it  is  curious  to 
find  Dr.  Beale  reverting  to  the  style  of  argument  in  which  the 
purgative  action  of  jalap  was  "  explained,"  by  asserting  that  the 
drug  possessed  a  *'  cathartic  principle ;"  and  yet  this  is  done  in  a 
paper  that  will  be  found  in  the  Archives  of  Medicine.  Dr.  Beale  says, 
"It  seems  to  me  probable  that  the  most  minute  living  particle 
which  it  is  possible  to  conceive,  is  a  spherule,  and  this  spherule  is 
capable  of  altering  its  form.  I  believe  that  the  alteration  results 
from  the  influence  of  wonderful  inferent  powers,  of  the  nature  of 
which  we  know  nothing  as  yet,  which  wonderful  powers  may  at 
least  for  the  present  be  termed  '  vital,'  to  distinguish  them  from 
physical  and  chemical  properties."  In  another  passage  Dr.  Beale 
says,  "  I  have  endeavoured  to  show  that  the  power  of  movement 
resides  in  the  living  particles  themselves,  and  have  expressed  the 
opinion  that  these  movements  cannot  be  explained  by  physics 
or  chemistry."  In  another  paper  the  whole  fabric  of  modem 
science,  with  its  conservation  and  correlation  of  forces,  is  assailed 
to  make  way  for  the  return  of  the  old  metaphysical  assumption, 
"vital  force,"  which  Dr.  Beale  affirms  to  be  something  quite 
distinct  from  chemical  or  physical  force  in  any  form.  He  com- 
plains that  "  vital  power  no  longer  excites  the  speculation  of  the 
physiologist  or  the  wonder  of  the  profound  metaphysician;"  but 
if  it  has  ceased  to  do,  it  is  simply  because  men  have  dis- 
covered  that  '*  vital  force "  is  a  phrase  to  cover  ignorance,  not  a 
term  denoting  a  precise  thing.  There  is  no  special  mystery  in  vital 
force,  if  it  designates  the  power  that  is  manifested  in  living  beings. 
All  force  is  equally  mysterious.  Scientifically  we  know  nothing  of 
the  primary  cause,  origin,  or  action  of  any  force  whatever.  We 
know  that  a  certain  force  »,  and  we  find  out  a  few  of  its  rela- 
tions of  antecedence  or  consequence,  and  when  we  come  to  the 
highest  actions  we  know  of,  those  of  mind  and  consciousness,  we 
have  not  the  faintest  idea  why  or  how  the  Divine  Being  has  linked 
them,  in  our  case,  with  what  are  called  vital  actions  of  an  organism. 

When  Dr.  Beale  states  that  living  particles  must  possess  an 
"  inherent  moving  power,"  we  do  not  know  what  he  means.  Would 
they  move  under  any  conditionB,  and  in  any  medium,  »  they  do 
under  particular  conditions,  and  in  a  particular  medium  r  If  not, 
they  are  under  the  influence  of  surrounding  circumstances,  and 
their  motions  would  appear  to  be,  not  an  inherent  faculty,  but  the 
result  of  their  acting,  and  being  acted  upon,  by  matter  external  to 
themselves.  Nothing  is  gained  by  assuming  that  they  are  governed 
by  vital  forces,  "  of  the  nature  of  which  we  know  nothing,"  to 
the  exclusion  of  all  the  forces  of  which — so  far  as  their  manifesta- 
tions go — ^we  know  a  little.  It  is  because  we  admire  Dr.  Beale's 
great  talent,  and  appreciate  his  services,  that  we  urge  him  not  to 
tumble  into  the  old  quagmire  of  substituting  imaginary  metaphy- 
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Bicftl  entities  like  '^  vital  force,"  for  more  scientific  methods  of  ex- 
plaining what  he  sees,  or  for  what  is  often  required,  a  simple  con- 
fession that  the  explanation  is  unknown. 

Lessons  on  Elementabt  BoTiiNT.  By  Daniel  Oliver,  F.R-S., 
P.L.S.,  Keeper  of  the  Herbarium  of  the  Royal  Gardens,  Kew,  and 
Professor  of  Botany  in  University  College,  London  (Macnullan  and 
Co.). — ^In  noticing  the  Memoirs  of  Professor  Henslow  in  a  former 
number,  we  adverted  to  his  success  as  a  botanical  teacher  of  village 
children  as  well  as  of  his  Cambridge  class.  The  present  work  is 
partly  original,  and  partiy  founded  upon  the  papers  left  by  Professor 
Henslow,  and  it  appears  to  us  an  invaluable  introduction  to  the 
study  of  botanical  science.  It  is  very  clearly  written,  and  amply 
illustrated,  leading  the  student  on  by  an  admirable  method.  As 
the  object  is  to  teach  botany  as  a  science,  and  not  as  a  mere  art  of 
giving  nicknames  to  vegetables,  it  will  be  highly  appreciated  by  the 
possessors  of  microscopes,  who  will  learn  from  it  what  they  are  to 
look  for  in  accessible  plants.  It  cannot  be  too  strongly  recom- 
mended to  students  and  intelligent  families. 

A  Series  of  Seven  Essays  on  Universal  Science.  By  Thomas 
Clark  Westpield,  F.S.A.  (Hardwicke.) — The  publication  of  this 
book  is  a  mistake.  The  author  should  not  have  attempted  a  subject 
80  far  beyond  his  powers. 

Saxby's  Weather  System,  or  Lunar  Influence  on  the  Wea- 
ther. By  J.  M.  Saxby,  Esq.,  R.K  Second  Edition  (Longmans). 
— Captain  Saxby's  main  dictum  is,  ''  That  the  moon  never  seems  to 
cross  the  earth's  equator  without  there  occurring  at  the  same  time 
a  palpable  and  unmistakeable  change  in  the  weather.  Such  changes 
most  commonly  are  accompanied  either  by  strong  winds,  gales, 
sudden  frost,  sudden  thaw,  sudden  calms,  or  other  certain  inter- 
ruptions of  the  weather,  according  to  the  season."  The  present 
volume  contains  many  illustrations  which  the  author  considers  to 
prove  the  truth  of  this  principle,  and  concludes  with  numerous 
predictions  for  1864  and  18G5. 

Homes  witholt  Hands.  By  the  Uev.  J.  G.  Wood,  M.A.,  P.L.S. 
(Longmans). — An  interesting  family  work,  published  in  monthly 
parts,  with  numerous  and  excellent  illustrations.  It  is  a  good  idea 
to  give  a  popular  and  entertaining  account  of  the  various  members 
of  the  animal  kingdom  remarkable  for  constructing  "  Homes  without 
Hands,"  and  Mr.  Wood's  pleasant  labours  are  sure  to  be  welcome  in 
thousands  of  homes  constructed  with  hands. 

Lecture  on  the  Sources  of  the  Nile.  By  Charles  T.  Beke, 
Esq.,  Phil.  D.,  F.S.A.,  Manager  of  London  Institution. — This  lecture 
was  first  delivered  at  the  London  Institution  on  the  20th  January, 
1864,  and  has  since  been  repeated  elsewhere,  but  not  formally  pub- 
lished, though  printed  by  the  London  Institution  Board  of  Manage- 
ment. Dr.  Beke  affirms  that  "  Captains  Speke  and  Grant  have 
returned  from  visiting  three  sides  of  Lake  Nyanza,  leaving  wholly 
Tinezplored  a  blank  space  of  50,000  geographical  square  miles 
(larger  in  extent  than  the  whole  of  England  and  Wales)  on  the 
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foartH  and  uphill  side  of  the  lake,  where  the  souroes  of  the  riyer 
hare  natarallj  to  be  looked  for." 

The  Classification  of  the  Sciences;  to  which  are  added 
Eeasons  foe  Dissenting  from  the  Philosophy  of  M.  Comte.  Bj 
Herbert  Spencer,  Author  of  "  First  Principles,"  "  Social  Statics," 
etc.     Williams  and  NorgcUe, 

We  cannot  divert  from  our  ordinary  subjects  enough  space  to 
do  justice  to  Mr.  Spencer's  important  essay,  in  which  he  points  out 
where  his  philosophy  differs  from  that  of  Comte,  to  whom  we  think 
he  is  scarcely  just.  M.  Comte  made  a  serious  mistake  in  attempt- 
ing to  construct  a  system  in  which  an  intelligent  First  Cause  had  no 
place ;  and  when  he  tried  to  imagine  a  kind  of  theology  that  would 
supply  the  defect,  he  resorted  to  speculations  of  the  most  unsatis- 
factory kind.  We  believe,  however,  that  he  has  exercised  a  very 
beneficial  influence  over  modem  thought  through  the  truth  and 
utility  of  many  of  his  ideas.  His  classification  of  the  sciences  was 
certainly  imperfect;  but  this  was  partly  occasioned  by  the  fact 
that  there  are  really  no  palpable  lines  of  demarcation,  one  science 
merging  into  another  at  several  points.  Mr.  Spencer's  labours 
supply  valuable  material  for  hard,  accurate  thiiJcing  upon  this 
subject  \  but  we  do  not  believe  his  classification  will  satisfy  many 
minds.  We  should,  however,  be  unjust  if  we  did  not  admit  the 
skill  with  which  he  has  developed  his  ideas. 

The  Principles  of  Aoriculture.  By  William  Bland,M.B.A.S., 
Author  of  '^  Principles  of  Construction  m  Arches,  Piers,  Buttresses, 
etc."  Second  Edition.  {Longmans.) — Mr.  Bland  is  well  known  in 
Kent  as  an  eminent  authority  upon  agricultural  questions,  and  he 
has  also  distinguished  himself  by  displaying  great  mechanical  inge- 
nxntj  in  various  departments,  boat-building  among  the  rest.  The 
first  edition  of  the  present  work  has  been  long  out  of  print,  and  the 
new  one,  which  is  somewhat  enlarged,  and  brought  down  to  date, 
gives  the  results  of  e2q)erience  in  a  manner  that  cannot  fail  to  be 
useful  to  agriculturists.  Mr.  Bland's  practical  knowledge  seems 
to  us  in  advance  of  hi^  theoretical  acquirements ;  but  the  reader 
who  gains  a  large  amount  of  information  from  his  pages,  will  not  be 
disposed  to  cavil  if,  for  example,  he  finds  the  word  "  fermentation" 
nsed  in  a  manner  that  is  not  very  clear.  It  is  important  to  notice 
Mr.  Bland's  opinions  on  landlords  and  leases.  He  thinks  "the 
tenant  should  be  allowed  full  scope  to  do  what  he  pleases  till  within 
the  last  three  years  of  his  lease,"  and  that  at  the  expiration  of  the 
lease  the  landlord  should  make  an  allowance  for  all  improvements. 
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PROCEEDINGS  OP  LEARNED  SOCIETIES. 


GEOLOGICAL  SOCIETY.— 4pnZ  27. 

Discovert  of  Fish  in  Upper  Limestone  of  PsRMiAir  Forma- 
tion.— Mr.  Kirkbj  communicated  an  account  of  the  discoveiy  of  fish 
remains  in  the  npper  limestone  of  the  Permian  formation.  The 
strata  were  exposed  in  some  qnarries  ;  the  bed  from  which  the  fish 
remains  were  chiefly  obtained  was  that  which  is  known  as  the 
"  !^exible  Limestone." 

The  author  stated  that  at  least  nine-tenths  of  the  specimens  belong 
to  Palceoniseus  varianSy  the  remainder  belonging  to  two  or  three 
species  of  the  same  genus,  and  to  a  species  of  Acrolepis.  Detailed 
descriptions  of  the  different  species  of  fish  were  given,  as  also  were 
short  notices  of  the  species  of  plants  sometimes  found  associated  with 
them,  one  of  which  he  believed  to  be  Calamites  aranaceus,  a  Triassic 
species.  The  occurrence  of  Palceonisd  with  smooth  scales  was  stated 
to  be  antagonistic  to  Agassiz's  conclusion  that  the  Permian  species 
of  that  genus  have  striated,  and  the  Coal-measure  species  smooth 
scales.  Mr.  Kirkby  remarked  that  the  fauna  of  the  period  appeared 
to  be  of  an  Estnarine  character,  and  he  expressed  his  opinion  that 
the  fishes  were  imbedded  suddenly,  as  a  result  of  some  general 
catastrophe. 

The  Fossil  Corals  of  the  West  Indian  Islands.  BrMr.  P.  Martin 
Duncan. — The  results  of  the  process  of  fossilization,  as  seen  in  the 
West  Indian  fossil  corals,  is  very  remarkable,  and  has  much  obscured 
their  specific  characters,  rendering  their  determination  extremely 
difficult.  Hence  it  is  desirable  thoroughly  to  examine  their  different 
varieties  of  mineralization,  and  to  compare  their  present  condition 
with  the  different  stages  in  the  decay  and  fossilization  of  recent 
corals  as  now  seen  in  progress.  Thus  the  author  was  enabled  to 
show  the  connection  between  the  destruction  of  the  minuter  struc- 
tures of  the  coral  by  decomposition,  and  certain  forms  of  fossilization 
in  which  those  structures  are  imperfectly  preserved ;  and  he  likewise 
stated  that  the  filling  up  of  the  interspaces  by  granular  carbonate  of 
lime  and  other  substances,  as  well  as  the  induration  of  certain  species, 
during  a  "  pre-fossil  **  and  "  post-mortem "  period,  gave  rise  to 
certain  varieties  of  fossilization,  and  that  the  results  of  those  opera- 
tions were  perpetuated  in  a  fossil  state. 

The  forms  of  mineralization  described  by  Dr.  Duncan  are — 
Calcareous,  Siliceous,  Siliceous  and  Crystalline,  Siliceous  and 
Destructive,  Siliceous  Casts,  Calcareo-siliceous,  Calcareo-siliceous 
and  Destructive,  and  Calcareo-siliceous  Casts. 

In  describing  these  forms  especial  reference  was  made  to  those 
in  which  the  structures  were  more  or  less  destroyed  during  the 
replacement  by  silica  of  the  cai'bonate  of  lime  of  the  coral. 

In  explaining  the  nature  and  mode  of  formation  of  the  large 
casts  of  calices  from  Antigua,  the  author  drew  attention  to  the  fact 
that  the  silicification  is  more  intense  on  the  surface  and  in  the 
centre  of  the  corallum  than  in  the  intermediate  region  ;  and,  when 
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examined  microscopically,  it  could  be  seen  that  the  replacement  of 
the  carbonate  of  lime  began  by  the  silica  appearing  as  minute  points 
in  the  centre  of  the  interspaces  and  of  the  sclerenchyma,  and  not  on 
their  surface.  In  conclusion,  the  influence  of  all  the  forms  enume- 
rated above  in  the  preservation  of  organisms  was  discussed,  and  the 
relation  of  hydrated  silica  to  destructive  forms  of  fossilization  was 
pointed  out  as  being  one  cause  of  the  incompleteness  of  the  geologi- 
cal record. 

May  11. 

Mammalian  Remaixs  near  Thame. — Mr.  Codrington  described  a 
railway-cutting  through  a  hill  between  Oxford  and  Thame  which 
exposed  a  section  of  certain  gravel-beds,  from  which  many  Mam- 
malian remains  were  collected.  The  hill  is  nearly  surrounded  by 
the  Thame  and  two  small  tributaries,  and  consists  of  Kimmcridge 
clay  capped  by  a  bed  of  coarse  gravel  overlain  by  sandy  clay.  The 
gravel  consists  of  chalk-flints,  pebbles  derived  from  the  Lower  Green- 
sand^  and  fragments  of  mica-schist,  etc.,  indicating  a  northern- drift 
origin ;  it  contained  many  bones  of  Elephant,  Rhinoceros,  Horse, 
Ox,  and  Deer,  and  a  single  phalanx  of  a  small  carnivore,  but  no  flint 
implements  were  discovered. 

Deposit  at  Stroud  containing  Flint  Implements,  Land  and 
Freshwater  Shells,  etc. — In  the  construction  of  a  reservoir  near 
the  summit  of  the  hill  above  the  town  of  Stroud,  Mr.  E.  Witchell 
observed,  about  two  feet  from  the  surface,  a  deposit  of  tufa  contain- 
ing land- shells  with  a  few  freshwater  bivalves ;  in  it  he  subsequently 
discovered  several  flint  flakes  of  a  primitive  type,  and  in  the  over- 
lying earth  a  few  pieces  of  rude  pottery.  The  deposit  is  situated  on 
the  spur  of  a  hill  nearly  separated  from  the  surrounding  country  by 
deep  valleys  ;  Mr.  Witchell  considered  it  to  be  comparatively  recent, 
and  concluded  that  it  had  been  formed  in  a  pond  or  lake,  which  had 
been  caused  by  a  landslip  from  the  higher  ground,  producing  a  dam 
that  stopped  the  downflow  into  the  valley  of  the  water  of  the  neigh- 
bouring springs. 


ROYAL  INSTITUTION.— Jtfay  6. 

Thb  Properties  of  the  New  Metal  Indium. — Professor  Roscoe 
gave  a  lecture  on  the  characters  of  this  metal,  which  has  recently 
been  discovered  by  Reisch  and  Richter  in  the  Zinc  blende  of  Frei- 
berg, by  means  of  the  spectroscope.  Indium  is  distinguished  by 
having  a  spectrum  consisting  of  two  bright  indigo-coloured  lines, 
and  by  its  compounds  tinting  the  colourless  flame  of  a  Bunsen 
burner  of  a  violet  colour. 

Hitherto  indium  has  only  been  obtained  in  very  minute  quantity 
from  the  Freiberg  blende,  consequently  its  properties  and  com- 
pounds have  not  been  very  carefully  examined.  It  appears  closely 
to  resemble  zinc,  with  which  it  has  hitherto  always  bfeen  found  in 
combination.  It  is,  however,  a  softer  metal,  marking  paper  like 
lead ;  it  is  readily  soluble  in  hydrochloric  acid,  and,  heated  in  the 
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open  air,  it  oxidizes  freely,  Tielding  a  white  oxide  easily  reducible 
before  the  deoxidizing  flame  of  the  blow-pipe. 

The  hydrated  oxide  is  precipitated  from  its  salts  by  potash  and 
ammonia,  but  is  insoluble  in  excess  of  either  of  these  re-agents ; 
hence  it  is  easily  distinguished  from  both  zinc  and  alumina. 

The  oxide  may  be  separated  from  oxide  of  iron,  with  which  it  is 
associated  in  the  zinc  blende  by  precipitating  the  latter  with  bicar- 
bonate of  soda.  The  precipitated  sulphide  is  insoluble  in  alkalies. 
The  quantity  of  indium  salts  exhibited  by  Professor  Boscoe  consisted 
of  about  three  grains ;  with  these  he  succeeded  in  demonstrating  its 
properties,  and  exhibited  the  characteristic  indigo  spectnun  in  a 
very  striking  manner. 

Professor  Boscoe  also  alluded  to  the  new  discoveries  made  with 
the  spectroscope.  Cesium  and  rubidium  have  been  found  to  exist 
in  many  articles  of  human  consumption,  such  as  beet-root  sugar, 
tea  and  coffee.  Thallium  has  been  fonnd  in  many  minerals  in  which 
its  presence  was  hitherto  unsuspected,  and  to  occur  also  in  very 
appreciable  quantity  in  molasses,  the  yeast  of  wine,  chicory,  and 
even  in  tobacco. 

A  new  and  comparatively  abundant  source  of  these  three  rare 
metals,  cesium,  rubidium,  and  thallium,  has  been  discovered ;  the 
water  of  a  spring  near  Frankfort  leaves  on  evaporation  a  saline 
residue  which  contains  the  three  metals  in  appreciable  quantity. 

Recently  a  more  attentive  examination  of  the  rays  emitted  by 
the  sun's  photosphere  bas  been  made,  and  it  is  fonnd  that  it  exhibits 
no  trace  of  potassium  salts.  Hence  that  element  may  be  regarded 
as  being  absent  from  the  solar  atmosphere. 

The  spectrum  of  burning  magnesium  has  been  found  to  be  par- 
ticularly rich  in  chemical  rays,  and  has  consequently  been  used  with 
success  as  a  photographic  light.  Professor  Boscoe  stated  that  if  the 
surface  of  burning  magnesium  has  an  apparent  magnitude  equal  to 
that  of  the  sun  seen  from  a  certain  point,  the  chemicsJ  action  effected 
by  the  magnesium  on  that  point  is  equal  to  that  produced  by  the  sun 
when  at  an  elevation  of  9^  53'.  And  that  at  a  zenith  distance  of  67^ 
22'  the  visible  brightness  of  the  sun's  rays  is  524*7  times  that  of  burn- 
ing magnesium,  whilst  its  chemical  brightness  is  only  36'6  times  as 
great  as  that  of  the  burning  metal ;  hence  the  great  use  of  the  latter 
in  photography.  A  thin  magnesium  wire  produces  in  burning  as  much 
light  as  seventy-four  stearine  candles,  and  to  continue  this  light  for 
ten  hours,  seventy-two  grammes — about  two  ounces  and  a  half— of 
magnesium  must  be  burnt,  corresponding  in  effect  to  twenty  pounds 
of  stearine  candles.  A  magnesium  lamp  was  exhibited,  consisting 
of  a  coil  of  magnesium  wire,  which  was  gradually  unwound  and 
burnt  as  it  issued  from  a  glass  tube.  Magnesium  wire  of  a  size  con- 
venient for  burning  is  now  manufactured  by  Mr.  Sonstadt's  process, 
and  sold  at  threepence  per  foot;  the  combustion  of  one  inch  of 
wii*e  affording  sufficient  light  to  take  a  positive  picture  with  dry 
collodion.  During  the  lecture  a  negative  of  Professor  Faraday  was 
taken ;  from  this  a  transparent  positive  was  printed  by  a  few  seconds 
exposure,  and  exhibited  on  the  white  screen  by  the  electric  lamp. 
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ROYAL  GEOGRAPHICAL  SOCIETY.— 3f^y  9. 

A  NEWLT-DISCOVEBBD   LOW  PaSS   OVER  THE   AnDKS  IN  ChILI,  SOUTH 

OP  Valdivia. — Sir  Woodbine  Parish  stated  that  Senor  Cox  had 
undertaken  this  remarkable  journey  with  a  view  to  discover  an  easy 
roate  between  the  new  Chilian  settlements  on  the  Pacific  coast  in 
40°  and  41^  S.  lat.  and  the  river  Negro,  which,  eighty  years  ago,  had 
been  proved  by  Yillarino,  a  Spanish  explorer,  to  be  navigable  from 
the  eastern  side  of  the  Andes  to  the  Atlantic.  He  equipped  an 
expedition  at  his  own  cost  at  Port  Montt,  a  new  German  settlement, 
now  containing  15,000  inhabitants,  near  the  island  of  Chiloe,  and 
proceeded  in  December,  1862,  by  way  of  the  two  lakes,  Llanquilhue 
and  Todos-os- Santos,  towards  the  almost  unknown  inland  sea  of 
Naguel-huassi.  He  traversed  the  lakes  by  means  of  gutta-percha 
boats,  and  succeeded  in  discovering  a  pass  over  the  Cordillera  at  an 
altitude  of  not  more  than  2800  feet.  Arrived  at  the  end  of  Lake 
Naguel-huassi  (Lake  of  Tigers),  which  lies  on  the  eastern  side  of  the 
chain  of  the  Andes,  Senor  Cox's  party  found  a  broad  stream  issuing 
from  it  in  the  direction  of  the  rivers  which  flow  into  the  Atlantic. 
Seven  of  the  sixteen  persons  who  formed  the  expedition  embarked 
in  one  of  the  boats  and  descended  the  river,  which  is  called  the 
Limay,  and  forms  one  of  the  affluents  of  the  Rio  Negro.  The  voyage 
was  attended  with  great  risks,  owing  to  the  numerous  rapids.  At 
length  when  within  five  miles  of  the  point  to  which  Yillarino  had 
attained  in  ascending  the  Rio  Negro  from  the  Atlantic,  the  boat  was 
upset,  and  the  party  fell  into  the  hands  of  a  savage  tribe  of  Pampas 
Indians  encamped  near  the  spot.  The  Cacique  at  length  promised 
to  assist  Senor  Cox  in  reaching  the  Rio  Negro  on  condition  that  he 
first  went  to  Valdivia  for  presents.  The  re-crossing  of  the  Cordillera, 
at  a  more  northerly  point,  towards  Valdivia,  was  accomplished  with- 
out much  difficulty :  but  the  main  object  of  Senor  Cox*s  journey, 
namely,  the  opening  of  an  easy  passage  across  the  Continent  has 
been  up  to  the  present  time  frustrated  by  the  hostility  of  the  Indian 
tribes. 


NOTES  AND  MEMOEANDA. 

The  Svbfacx  of  thb  Stik. — Notwithstanding  the  statements  of  the  Green- 
wich astronomers,  the  question  of  the  rice  grains  or  willow  leuyes  on  the  solar 
furfaoe  is  not  considered  to  be  settled.  Mr.  \Vm.  Huggins,  who  is  an  excellent 
obeerrer,  and  possesses  a  fine  telescope,  denies  that  the  solar  surface  consists  of  an 
interlacement  of  elongated  particles,  definite  in  shape,  and  uniform  in  size.  He 
finds  the  brighter  portions  of  evexy  imaginable  shape,  and  greatly  differing  in 
size.  It  certainly  seems  highly  improbable  that  the  monotony  and  uniformity  of 
willow  leaTCs  or  rice  grains  should  be  presenred  in  the  face  of  a  body  that  is 

Srored  by  the  behaTiour  of  the  spots  to  undergo  yiolent  changes.  From  the 
lonthly  Notices  of  the  Astronomical  Society  (18(^  No.  6),  it  will  be  seen  that 
Mr.  Dawes,  who  is  unirersaUy  admitted  to  be  one  of  our  finest  observers,  affirms 
that  "  the  obserrations  of  Messrs.  Stone  and  Bunkin  hare  landed  them  precisely 
where  he  was  sixteen  years  ago."  At  that  time  he  compared  the  bright  particles 
scattered  almost  all  oTer  the  sun  to  excessirely  minute  fragments  of  porcelain ; 
but  he  doubted  the  appearance^  aAd  after  four  years  more  research,  and  the 
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asBistance  of  his  own  solar  eje-piece,  which  permitted  the  use  of  a  i>ower  of  400 
to  (600,  he  armed  at  the  oonyiction  that  the  "brilUant  objects  were  merely 
different  conditions  of  the  surface  of  the  comparatiTely  large  luminous  clouds 
themselves,  ridges,  waves,  hills,  knolls,  or  whatever  else  they  might  be  called, 
differing  in  form,  in  brilliancy,  and  probably  in  elevation,  and  bearing  something 
of  the  same  proportion  to  the  individual  luminous  clouds  that  the  masses  of  the 
bright  iaculfB,  as  seen  near  the  sun's  edge,  bear  to  the  whole  disc  of  the  sun." 

Thb  CkofFAHiONS  OP  SiBirs,  Tbitb  akd  Falsb. — Hr.  Pawes  states,  in  MomiUf 
NoUoet,  that  he  has  attained  with  his  Scinch  object-glass  distinct  viewa  of 
Alvon  Clark's  Companion  of  Sirius.  Angle  of  position,  S^'^'SG,  distance  about 
10."  Mr.  Lassell  and  Mr.  Marth  have  also  observed  it  at  Malta,  their  measures 
of  position  ranged  from  78^*53  to  80°'29,  and  their  distances  from  9"'21  to  10^'-90. 
The  little  star  appeared  not  a  veiy  small  point,  but  deficient  in  brilliancy  to 
Mr.  Lassell,  and  when  Mr.  Dawes  first  saw  it,  he  turned  round  his  object-glass 
and  eye-pieces  to  be  certain  it  was  a  real  star.  His  measures  were  only  i^ 
proximate.  Mr.  Tempel,  of  Marseilles,  has  a  letter  in  the  Astron.  NaekricMen^ 
detailing  his  efforts  to  see  the  companions  observed  by  M.  GK>ld8chmidt  with  a 
telescope  of  about  4'inches.  Mr.  Tempel  employed  one  of  48  lines,  whioh  he 
says  is  a  little  bigger  than  M.  GK)ldschinidt's,  and  of  excellent  performanoe  on 
double  stars.  With  ibis  instrument,  after  many  hours'  observation,  he  saw  three 
companion  stars  vdth  magnifications  of  40  and  24.  He  saw  them  less  plainly  witk 
60,  and  not  at  all  with  80  and  upwards.  He  saw  similar  appearances  near 
Procyon,  Capella,  and  /3  Ononis ;  in  the  latter  case,  in  addition  to  the  true  com- 
panion. Careful  experiment  satisfied  him  that  the  appearances  were  false,  and 
that  Goldschmidt  had  been  deceived  in  assigning  additional  companions  to  Siiius. 

SiZB  ANS  FiauBB  07  THB  Eabth. — The  results  obtained  by  our  Ordnance 
Survey  exhibit  the  earth  as  haying  an  equatorial  semi-diameter  of  20,927,006  fiaei^ 

and  a  polar  semi-axis  of  20,852,372  feet.    The  flattening  being——-—- — -— — 
'^  o         o    280,4  4-  8*8 

Comparing  arcs  of  the  meridian  measured  in  England,  France^  Bussiak  Prussia, 
Hanover,  Penmark^  and  India,  the  Ordnance  Surrey  gives  for  the  ayenge  of  iho 
globe — 

Semi-equatorial  diameter,  20,926,330  feet. 

Semi-polar  axis    .    .    .    20,855,240  feet. 

Battening ^jrri^ 
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The  latter  calculations  take  in  the  final  determinations  of  the  great  Bosnan  arc 
measured  by  M.  Struve.  The  French  metre  is  thus  not,  as  was  supposed,  ex- 
actly a  ten-millionth  part  of  any  ascertained  quarter  of  a  meridian,  nor  of  an 
average  quarter  meridian. 

SiLKWOBMB  OF  THE  Oak. — M.  Gueriu  M^nevillc  informs  the  Freneh 
Academy  that,  in  addition  to  three  Asiatic  silkworms  living  on  the  oak,  the 
Bomhyx  meliiia  from  Bengal,  and  Bombyx  Pemii  from  N.  China,  and  £omiyx 
Yama-Mat  from  Japan,  he  is  trying  to  naturalize  a  fourth,  the  Bomhyx  Roylei^ 
from  the  Himalayas,  on  the  borders  of  Cashmere.  On  the  23id  March  he 
received  20  cocoons.  At  first  only  males  were  produced,  but  on  the  19th  April 
he  obtained  a  male  and  female  moth,  the  latter  laying  108  eggs,  M.  M^neville 
thinks  it  will  be  easy  to  rear  these  silkworms  in  Central  and  Northern  France. 

FuNCTiovB  07  THB  Cebbbbllum. — Dr.  Dickinson  states  that  expenmentt 
with  reptiles  and  fish  show  that  the  cerebrum  by  itself  is  unable  to  give  mora 
than  a  limited  amount  of  voluntary  motion,  and  that  of  a  kind  deficient  in  balance 
and  adjustment.  If  the  cerebellum  only  be  removed  from  fishes,  there  is  a  loss 
of  the  proper  adjustment  between  the  right  and  left  sides,  so  that  oscillation  or 
rotation  takes  place.  All  the  limbs  are  used,  but  apparently  with  a  deficiency  of 
sustained  activity.  From  the  negative  results  of  experiments  it  is  inferrcd  that 
the  cerebellum  has  nothing  to  do  with  common  sensation,  with  the  sexual  pio* 
penalty,  with  the  action  of  the  involuntarjr  muscles,  with  the  maintenance  of 
animal  heat,  or  with  secretion.  The  voluntary  muscles  are  under  a  double  in- 
fluence,   from  the    cerebrum  and    the   cerebellum.    The   anterior  limbs  aro 
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chiaflj  under  the  influence  of  the  cerebrum ;  the  poiterior  of  the  cerebeUum. 
CerebeiUr  moTements  are  apt  to  be  habitual,  while  cerebral  are  impulsire.  The 
cerebellum  acts  when  the  cerebrum  ii  remoredi  though  when  both  organs  exist  it 
is  under  its  oontroL — Proe,  JRoy,  jSoc,  No.  63. 

ToiriNa  Bath  fob  Albuicek  Fboobsb. — ^In  replj  to  one  of  our  corres- 
pondents, who  has  requested  us  to  giTc  a  good  formula  for  a  toning  birth,  wo 
select  the  following  out  of  a  great  number  at  present  in  use,  as,  in  ordinary 
circumstances,  among  the  most  conyenient  and  efPectiTe.  Place  one  litre  of  dis- 
tilled water,  and  then  two  grammes  of  chloride  of  gold  in  No.  1 — a  bottle  with  a 
cork  :  one  litre  of  distilled  water,  and  then  twenty  grammes  chloride  of  lime  in 
Ko.  2 — a  bottle  with  a  ground-glaas  stopper :  one  litre  of  distilled  water,  and 
then  fire  grammes  of  common  salt,  in  No.  S— -a  bottle  with  a  cork.  All  tho 
ohloride  of  lime  will  not  be  dissolred.;  but  what  remains  at  the  bottom  of  the 
bottle  wiU  keep  the  fluid  saturated,  which  is  necessary : — before  being  used  the 
required  quantity  of  it  must  be  filtered.  The  toning  bath  is  made  as  follows : — 
To  one  litre  of  distilled  water  is  added  60cc  of  the  fluid  in  bottle  No.  1,  20oo  of 
that  in  No.  2,  and  15oc  of  that  in  No.  8.  The  mixture  should  be  limpid,  and 
either  colourless  or  of  a  light  yellow  tinge.  It  must  be  used  at  once,  as  it  will 
not  keep.  According  to  the  time  during  which  the  proofs  are  immersed  in  it,  the 
shade  will  vary  from  some  tint  of  blue  to  a  deep  black  :  a  dark  violet  being  pro- 
duced in  moderate  weather  in  about  twenty  mmutes — ^in  cold  weather  a  longer 
time  will  be  required.  The  whites  will  be  beautifully  bleached  by  the  free 
chlorine.  A  litre  of  this  mixture  will  tone  about  70  cartes  de  visite.  They 
must  be  moved  about  in  it,  and  occasionally  taken  out,  and  replaced.  The 
quantity  required  for  any  number  of  proofs  of  any  size  may  be  easily  calculated. 

Eabthquake  is  Subbbx. — On  the  30th  April  a  shook  was  felt  in  several 
places  in  Sussex,  Lewes  included.  The  strongest  efieot  is  reported  to  have  been 
felt  at  Chailey.  A  lady  at  Lewes  heard  a  noise  like  hail  shortly  after  midnight 
(31st}.    At  Fletching  the  people  supposed  a  gunpowder  explosion  had  occurred.  , 

CoHiCAL  Hail. — M.  J.  A.  Barral  desoribes  to  the  fVenoh  Academy  some 
hailstones  that  fell  in  Paris  on  the  29th  March,  1864.  They  were  of  conical 
shape,  slightly  concave  at  the  base,  and  fell  point  downwards.  The  cones  were 
eight  or  ten  milUnidtres  in  diameter  at  the  base,  and  ten  to  thirteen  millimetres 
high.  They  seemed  to  be  formed  by  the  adhesion  of  small  pyramids,  leaving  a 
little  hollow  inside. 

Gbiat  ObooodhiI  ov  thb  Ooszti.— M.  A.  Yalenciennes  exhibited  to  the 
French  Academy  on  the  11th  April  a  fossil  orooodile  tooth  found  in  the  Oolite^ 
near  Poitiers.  From  its  size  he  estimated  the  animal  to  have  been  one  hnndred 
feet  long.    This  creature  must  not  be  confounded  with  the  megalosaorus. 

OoicPABiira  THB  Light  of  STABB.~In  Comptei  Rendus  for  the  11th  April 
M.  Chacomac  describes  a  method  of  mounting  a  plane  mirror  so  as  to  bring  into 
the  field  of  a  telescope  the  image  of  one  star,  while  the  telescope  receives  directly 
the  light  of  another.  By  this  means  the  two  images  are  brought  into  simul- 
taneous view,  the  one  of  course  less  brilliant  than  it  should  be,  through  loss  of 
light  in  reflection.  He  gives  the  calculations  necessary  to  work  out  the  comparison. 
Sirius  he  finds  to  be  fi?e  times  as  bright  as  Arcturus.  He  is  able  to  work  by  this 
method  upon  stars  from  20**  to  160*  apart.  When  seen  simultaneously,  Arcturus 
looks  orange  red,  and  Sirius  has  a  slight  green  tint. 

Thb  Moth  of  thb  Obdbal  Bbah — ^iKBBNSiBiLrrr  to  PoiBOK.--Dr.  Fraser 
shows  in  the  AniuiU  of  Natural  History  that  the  caterpillar  of  Deiopeia  pulcheUa 
can  eat  the  poisonous  ordeal  bean  of  Gilabar  with  impunity,  and  is  in  the  habit 
of  boring  holes  in  it.  This  caterpillar  is  readily  killed  with  hydrocyanic  add, 
while  the  Anifumomtu  druparum  can  live  upon  the  kernel  of  the  Prunus  oerasus 
that  contains  it. 

Ghafting  Anihals. — Dr.  Paul  Bert  has  published  a  work  on  the  curious 
subject  of  animal  grafts.  He  succeeded  in  malung  Siamese  twins  of  a  couple  of 
rats,  and  in  many  other  monstrosities.  He  exclaims,  *4t  is  a  surprising  spectacle 
to  see  a  paw  cut  from  one  rat  live,  grow,  finish  its  ossification,  and  regenerate  its 
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nerres,  under  the  skin  of  another,  and  when  we  plant  a  plame  of  feathen  under 
the  skin  of  a  dog,  what  a  miracle  to  see  the  interrupted  vital  phenomena  resume 
their  course,  and  the  fragment  of  a  bird  receive  nourishment  uom  the  blood  of  a 
mammal."  ^ 

FoBiCATiOK  OF  THICK  ICE. — B£.  Lucien  de  la  Bive  has  reeentlj  i«ad  an 
elaborate  paper  on  the  Condaotibilitj  of  Heat  bj  Ice,  before  the  Sooiet^  le 
Physique  and  d'Histoire  Naturelle  de  G-en^ve,  which  is  reprinted  in  the  Archive* 
des  Science*.  In  this  essay  he  enters,  amongst  other  things,  on  the  time  required 
to  form  thick  masses  of  polar  ice  by  gradual  freezing  of  the  water  touching  their 
lower  surfaces.  One  metre  in  thickness  would,  he  states,  require  1*42  years,  10 
metres  142  years,  100  metres,  14,200  years,  200  metres,  56,800  years.  The  huge 
masses  seen  by  Sooresby  and  others,  having  a  probable  thickness  of  200  metres, 
may  have  grown  by  snow  falling  on  their  upper  surfaces ;  but  if  it  were  possible 
to  determine  by  difference  of  structure  what  portion  resulted  from  this  cause,  and 
what  was  produced  by  additions  from  below,  the  time  consumed  in  the  formation 
of  the  latter  might  be  computed  according  to  the  formule  which  M.  da  la  Bivo 
gives. 

YiEWiNa  Tadpole  Oibctjlatiok.— Those  who  are  not  famUiar  with  the  best 
arrangements  for  this  purpose  should  consult  Mrs.  Ward's  excellent  Microscope 
Teachings.  All  but  the  very  youngest  tadpoles  are  too  thick  for  the  Uve  box  ; 
older  ones  may  be  placed,  as  in  Mrs.  Ward's  sketch,  on  a  slide,  and  partly  covered 
with  a  little  tuft  of  wet  cotton  wool.  They  will  generally  be  quiet  enough  without 
tying  down.  When  the  gill  circulation  is  to  be  viewed,  the  cotton  should  be 
placed  over  the  tail,  and  when  the  gills  have  disappeared,  and  the  tail  circulation 
becomes  a  beautiful  spectacle,  the  cotton  should  be  placed  over  the  creature's  head 
and  body. 

Cube  pob  Hoopino  Cottgh. — ^The  Courier  du  Pas  du  Calais  mentions  seve- 
ral instances  of  the  cure  of  hooping  cough  by  inhalation  of  the  vapours  evolved 
by  the  lime  used  in  purifying  coal-gas.  It  affirms  that  two  or  three  visits  to 
the  gas-works  have  usually  proved  sufficient. 

Mb.  Glaibheb'b  18th  Ascbitt  took  place  on  the  6th  of  April,  at  4'7  p.m., 
from  Woolwich  Arsenal.  The  sky  was  overcast  at  starting,  and  had  been  so  all 
day,  wind  S.E.  The  balloon  crossed  the  river  into  Essex ;  at  500  feet  elevation 
the  air  was  very  misty,  and  increased  in  density  as  the  balloon  rose;  at  2000 
feet  wind  was  SW.  or  WSW. ;  at  2500  feet  dense  white  cloud  s  at  3500  feet 
thin  rain ;  at  4000  feet  clouds  less  dense,  and  increase  of  light ;  at  4500  feet  son 
seen  faintly ;  at  5100  feet  the  sun  oast  a  faint  shadow,  but  cloud  continued  up  to 
6500  feet ;  the  air  was  still  misty,  and  after  reaching  8100  feet  mist  increased 
till  the  height  of  9000  feet ;  at  9500  feet  bright  sunshine,  and  it  was  quite  warm. 
At  10,000  feet  Mr.  C^laisher  says,  "  We  were  quite  out  of  the  cloud,  and  there 
was  a  sea  of  white  cloud,  dazzling  in  its  brightness,  extending  without  break  or 
irregularity  in  its  surface  as  far  as  we  could  see  all  around,  that  is,  for  more  tlian 
100  miles  on  all  sides  ;  near  to  us  on  the  cloud  on  the  side  opposite  the  sun  was  a 
bright  oval  lialo  of  immense  extent,  in  the  centre  of  which  was  situated  the  sha- 
dow of  the  balloon  and  car,  but  without  prismatic  colours.  This  all  appeared  to 
revolve  with  us,  for  it  was  constant,  and  we  knew  we  were  turning  round  hj 
the  sun  now  shining  on  our  backs  and  then  in  our  faces.  At  the  greatest  eleva- 
tion, 11,000  feet,  there  was  perfect  repose,  the  sky  was  without  a  cloud,  of  a  beau- 
tiful deep  blue."  The  temperature  on  leaving  was  46** ;  at  lOOO  feet,  411*' ;  at 
1500  feet,  40'' ;  at  2000  feet,  37" ;  at  8000  feel;,  32^ ;  from  8500  to  4000  feet,  no 
variation  from  38'' ;  at  5000  feet  temperature  rose  to  36'* ;  at  8000  feet,  40  ^  at 
9000  feet,  84'* ;  between  10,000  and  11,000  feet,  46^  In  deeoendmg,  the  highest 
temperatore  wasat  8000  feet,  46%  at  that  elevation  it  is  usually  80^  to  40^  lower 
than  on  the  earth.  Within  two  miles  of  the  earth  totally  opposite  currents  were 
found.    Ko  osone  was  detected. 
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THE  NATURAL  HISTORY  OF  THE  HAIRT-BACKED 
ANIMALCULES  (OH JSTONOTID^) . 

BY  PHILIP  HXNBT   GOSSE^   P.B.S. 
(WUh  IVo  Plates,) 

Whoever  has  been  in  the  habit  of  collecting  the  floccose  matter 
that  accumulates  around  the  submerged  stems  of  aquatic  plants^ 
or  the  impalpable  sediment  that  lies  at  the  bottom  of  still  pools 
and  running  ditches^  and  of  examining  the  same  in  the  live- 
boxes  of  lus  microscope^  is  aware  how  abundant  and  how 
various  are  the  forms  of  life  that  are  presented  to  his  view. 
Creatures  the  most  strange  and  the  most  incongruous — odd  in 
their  shapes^  odd  in  their  structare^  odd  in  their  manners^  odd 
in  their  movements^  swim,  or  rotate,  or  creep,  or  wriggle  over 
the  field  of  vision,  till  the  little  pellet  of  brown  mud,  no  bigger 
than  a  grain  of  duck-shot,  flattened  out  before  him,  proves  a 
complete  microcosm.  Many  such  pellets  will  not  have  passed 
under  the  eye  of  the  curious  observer  before  he  will  pretty 
certainly  have  become  familiar  with  a  Httle  creature  of  attrac- 
tive appearance  and  lively  manners,  which  forms  the  typical 
representative  of  a  limited  group  of  animals,  whose  family  name 
I  have  set  at  the  headofthiis  article.  Dr.  Ehrenberg,  of  Ber- 
lin, named  it  the  Bristle-fish  {GhcBtanotus),  both  of  which 
appellations  allude  to  the  long  and  stout  bristles  with  which 
its  back  is  beset  in  rows.  Its  movements  are  not  so  rapid  as 
those  of  many  animalcules,  and  therefore  it  affords  a  fair  object 
for  the  young  microscopist,  while  its  form  is  so  peculiar  as  to 
be  easily  recognized.  When  enclosed  in  an  aquatic  live-box, 
it  is  fond  of  crawling  on  the  surface  of  the  glass  cover,  whereby 
we  distinctly  see  the  ventral  surface,  as  we  see  the  lateral  form 
when  it  creeps  about  the  stems.  The  form,  when  seen  ver- 
tically, is  somewhat  fish-Hke,  with  a  thick,  blunt,  and  rather 
triangular  head,  and  a  slight  constriction  or  neck ;  a  swelling 
body,  terminating  in  two  diverging  points.     The  figure,  when 
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seen  sidewise^  reminds  one  of  that  of  a  ferret,  the  back  being 
mucli  arched  (Plate  i.  Fig.  1) .  The  whole  body  appears  covered 
with  hairs,  wldch  are  set  in  rows ;  those  on  the  front  part  are 
smaller  and  closer,  those  on  the  back  larger  and  fewer.  The 
fore-part,  seen  from  beneath,  presents  an  appearance  of  hatch- 
ing or  cross  lines  running  diagonally,  or  else  of  dots  set  in 
quincunx,  which  I  suppose  are  the  bases  of  the  hairs  growing 
in  such  an  arrangement.  The  internal  structure  is  not  usually 
discernible ;  for  though  the  body  is  pellucid  and  colourless,  and 
often  lustrous  from  the  refraction  of  the  Hght,  especially 
through  the  neck,  the  number  of  hairs  which  stud  the  surface 

Srevent  a  clear  sight  of  the  interior.  Two  bands,  which  run 
own  the  belly,  are  understood  to  be  bands  of  cilia.  There  is 
a  certain  nimbleness  and  sprightliness  in  the  motions  of  this 
pretty  animal  as  it  crawls,  frequently  turning  short  on  itself  and 
changing  its  course  (see  Fig.  2),  examining  various  objects, 
much  like  a  caterpillar  does,  with  apparent  intelligence.  I  shall 
return  to  this  species  again  for  fuller  details ;  but  this  general 
description  will  help  the  reader  better  to  understand  the  group 
of  which  I  propose  to  treat. 

The  form  appears  to  have  been  recognized  in  the  earliest  re- 
cords of  microscopic  observation;  for  Joblot,  nearlya  century  and 
a  half  ago,  described  an  animalcule,  which  was  probably  enough 
this  very  creature,  under  the  title  of  ''  Poisson  &  tfite  tr^fl^e.*' 
I  say  *'  probably,''  because  an  approoBimation  to  the  general 
outhne  of  such  minute  creatures  was  all  that,  with  their  veiy 
imperfect  instruments,  the  early  observers  could  accomplish. 
About  sixty  years  later  Mliller,  the  great  Danish  zoologist,  and 
the  first  who  attempted  to  define  and  arrange  the  host  of  micro- 
scopic animalcules  that  were  crowding  upon  observers,  de- 
scribed under  two  names — Oercaria  podura  and  Trichoda  larus 
— ^what  may  have  been  two  species  of  the  same  family,  or  one. 
The  two  specific  names  have,  however,  been  adopted  in  modem 
nomenclature,  as  representing  two  distinct  creatures,  the  latter 
being  appropriated  to  the  one  I  have  described ;  though  on 
what  account  he  applied  the  name  larusy  which  signifies  a  gull^ 
to  it,  I  cannot  conjecture.  Passing  by  other  observers,  who 
have  recorded  nothing  more  worthy  of  note  concerning  the 
form,  than  that  they  recognized  it,  we  come  to  Ehrenberg,  who, 
in  his  valuable  papers  in  the  Transactions  of  the  BerUn  Academy 
for  1831,  and  afterwards  in  his  notable  work  Bib  InfumonS' 
thierclieriy  determined  the  two  genera,  Ichthydium  and  Ohceto^ 
notusj  for  the  two  species  described  by  Muller,  adopting  his 
specific  names,  and  added  two  more  species  to  the  latter 
genus. 

The  great  Prussian  zoologist  included  these  creatures  among 
the  BoTiFXBA,  tmiting  with  uiem  in  the  same  group  two  other 
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genera^  which  have  no  real  affinit j  with  them^  his  system  of 
arrangement  being  artificial,  and  therefore^  necessarily^  in  some 
cases^  unnatural.* 

M.  Dujardin^  in  1841^  described  another  species^  which  he 
named  Oh.squaw/maiusy  and  rejecting  Ehrenberg's  arrangement, 
united  the  then  known  forms  with  others,  with  which  they  have 
no  more  affinity,  and  placed  the  heterogeneous  group  among  the 
Infosory  animalcules  by  the  name  of  Symmelrical  Infusoria. 
His  ground  for  the  change  is  thus  expressed : — "  The  Ichthy^ 
dina,  according  to  M.  Ehrenberg,  ought  to  have  a  rotatory 
organ,  simple,  continuous,  with  an  entire  margin ;  but,  in  fact, 
the  yibratile  cilia  of  the  ventral  surface  of  the  Ghsstonotes  do 
not  at  all  constitute  a  rotatory  organ/'f 

Ten  years  later,  the  same  zoologist  described  another  form 
(Plate  ii.  Fig.  16)  imder  the  title  of  Echmodera,X  apparehtly 
allied  to  the  same  group  j  to  which,  however,  he  now  assigned 
a  higher  place,  viz.,  intermediate  between  Crustacea  and 
Vermes.  He  believes  that  this  is  ''  a  type  differing  firom  the 
SeVminthes  acam,thoe(phaleSy  the  Syatolides  [Botifera],  the  Ento^ 
mo8tra/:a  Oopepoda  [Cyclops,  etc.]  and  the  Sipuncles,  yet  at  the 
same  time  offering  points  of  resemblance  to  each  of  these.  It 
is  a  sort  of  Oopepode  without  feet,  with  the  mouth  of  a  ^pim* 
cuius,  and  the  neck  of  an  Echmorhynchv^,  and  a  muscular 
oesophagus  like  those  of  the  BystolvdeSj  the  Tardigrades^  and 
the  Nematoid  Helminthes." 

M.  Perty§  and  Herr  Vogt||  concur  in  the  exclusion  of  the 
Chcetonotidce  fix)m  the  Botifera  ;  the  former,  however,  has  not 
ventured  to  assign  them  any  definite  position,  while  the  latter 
associates  them  with  the  Planarioid  worms  (TubbblIiABIa). 

*  It  is  the  fashion  to  depreciate  and  decry  Bhrenberg.  I  have  no  sympathv 
with  those  who,  taking  their  stand  upon  the  ground  wmoh  he  has  clesj^  with 
incredible  labour  and  genius,  can  assume  airs  of  pity  or  contempt  when  thej  dif- 
oem  inconsistencies  or  defects  in  his  system.  Many  years'  study  of  the  Botifera 
hss  enabled  me  in  some  measure  to  appreciate  the  eigantic  labours  of  the  Prussian 
microscopist,  and  to  compare  them  wiUi  those  of  hii  succeseon  and  critics.  I 
take,  for  example,  Bigardin's  SiH.  dsB  It^uoiru^  and  hare  no  hesitation  in 
asserting  that  this  work  does  not  manifest  one-fourth  part  of  the  real  actual 
acquaintance  with  the  subjects  treated,  that  is  possessed  by  Ehrenberg^s  ^reat 
work.  Corrections  and  improrements  in  some  points  cannot  fail  to  be  pomted 
out  by  those  who  begin  where  the  Prussian  left  off  i  and  the  adrance  of  scienos^ 
and  the  improvement  of  the  microscope  itself,  have,  of  course,  made  antiquated 
and  displaced  many  of  his  statements  and  conclusions ;  but,  lookine  at  mioroscopio 
Eoolo^  as  it  was  when  Ehrenberg  took  it  up,  and  as  it  was  when  he  laid  it  down, 
I  think  it  not  too  much  to  say  that  he  stands  in  the  foremost  ranks  of  the  sdentifio 
army,  side  by  side  with  such  names  as  Aristotle,  Linntsus,  and  Cuyier,  and  that 
his  Die  InflJnomthierehen  is  a  monument  to  his  &me,  owe  peremUus^  and  such  as 
few  indeed  have  been  able  to  erect. 

t  Eitt,  deM  InfM,,  p.  669. 

X  AmuU.  d.  Sci,  Nai.  1861.  The  name  is  erroneoua)/  ip^Usd  ^'SUimoderia" 
in  the  4th  Ed.  of  Pritchard's  Jft/Wono,  p.  S80« 

f  Ztw  KanmimuMklemt^LBbem/ormsih 

II  Zoohgitehe  Sritfe. 
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Dr,  Max  Schuke,  describing  yet  another  genus,  Titrftan^Ia 
(PI.  ii.  Fig.  15),  in  1853,*  took  occasion  to  institute  an  elaborate 
examination  of  the  structure  of  the  whole  group,  augmented  by 
all  these  discoveries.  He  considers  that  it  does  without  doubt 
fall  within  the  great  circle  of  Vbbicbs,  though  there  is  some 
difficulty  in  determining  in  which  class  to  place  it.  Its  union 
with  the  BoTil'BBA.  he  judges  impossible :  1,  because  of  the  ab- 
sence of  the  vibratory  organs  around  the  mouth,  so  characteristic 
of  that  class ;  2,  because  muscles,  nerves,  and  water-vessels — 
organs  which  are  wanting  in  no  true  Botifera — ^have  not  been 
found  in  this  group ;  3,  because  of  the  absence  of  a  caudal  ex- 
tremity, furnished  with  articulated  members ;  and  4,  because  of 
the  peculiar  cilia  with  which  the  ventral  surface  is  clothed  in 
the  Chastonotes.  TurhaneUa  shows  traces  of  a  division  into 
segments  in  the  separation  of  the  head  from  the  rest  of  the 
body,  in  the  rinc^  of  cilia  which  surrounds  the  head,  and  in  the 
position  of  the  aJmost  regularly  recurring  lateral  processes,  and 
thus  reminds  us,  in  its  ciliation  and  its  obscure  articulation,  of 
several  states  of  development  of  the  true  Aknelida.  I  may  add, 
that  the  Echinodera  of  Dujardin,  and  my  own  curious  genus, 
Ta/phrocampa  (Figs.  17 — 19),  presently  to  be  described,  carry 
this  appearance  of  segmentation  still  further,  and,  yro  tantOj 
strengthen  the  grounds  of  affinity  with  the  Annelida. 

Dr.  Schulze  cites  the  analogy  of  certain  Annelida,  which 
possess,  even  in  the  adult  condition,  a  ciliated  skin.  Polyoph- 
thaXmus  (Quatref.)  has  a  ciliary  head- veil,  not  unlike  that  of  the 
Hotifera.  The  genus  Spio  is  provided,  according  to  Oersted 
(confirmed  by  Schulze's  own  observations),  with  ciliated  gill- 
leaves  ;  its  two  long  frontal  cirri  are  also  dlmted,  and  so  are  the 
pair  of  longer  appendages,  which,  seated  on  the  second  seg- 
ment, project  at  right  angles  from  the  body,  as  noticed  in  a 
species  found  at  Guxhaven. 

The  claim  of  the  Tubbsllabia  to  afford  a  refuge  for  these 
strangers,  which,  like  homeless  paupers  passed  from  parish  to 
parish,  are  found  so  difficult  to  settle,  is  next  brought  under 
review.  AQ  the  Vortex- worms  have  a  ciliated  covering,  spread 
entirely  and  uniformly  over  the  body ;  their  skin  is  soft  and 
melting ;  their  digestive  canal  is  destitute  of  a  firm  envelope^ 
and  is  separated  from  the  soft  parenchyme  of  the  body  only  by 
its  wall,  formed  of  peculiar  digestive  cells,  or  hepatic  cells. 
Muscle-threads,  the  central  portion  of  a  nervous  system,  and 
water-vessels,  are  recognized  in  all  these  worms.f    In  GJuB' 

*  AreUof,  Anat  Phytioh^  etc,  1853,  p.  241,  eiieq. 

t  "  In  Mieratiommm  lineare^  in  which  neither  Otker  Schmidt  nor  I  could  foT- 
mwlj  diflcorer  any  trace  of  a  water^Taaoolar  Bystem,  I  hare  lately  reoogoiied  tnoh, 
fonufhed  with  jerj  imaU  tremnloni  taffi.  and  alio  distinct  miuole-threadfl.*'-— 
JBToU  bjf  Dr.  ScJMm. 
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tonotvs  and  Turbanella  the  skin  is  not  meltings  but  capable  of 
resisting^  to  some  extent^  cold  potass  solution.  It  is  ciliated 
only  on  the  ventral  surface^  and^  in  the  former  genus^  only  on 
a  portion  even  of  this.  The  ring  of  cilia  which  surrounds  the 
head  of  Turbanella,  and  the  muscular  coat  of  the  alimentary 
canal  of  theChsatonotes  generally^  sharply  defined  against  the 
parenchyme  of  the  body^  especially  in  the  anterior  thirds  are 
conditions  unknown  among  the  Turbelkuria;  while  the  motory 
muscles^  nerve-threads^  and  water-vessels  common  to  them^ 
have  not  been  recognized  in  those.  Yet  Dr.  Schulze  judges 
that  a  certain  relationship  between  the  ChcetonotidcB  and  the 
TusBELLABU  is  uot  to  be  mistaken :  1,  because  of  their  inarti- 
culate body,  in  size  and  form  resembling  the  Kttle  Vortex- 
worms  ;  2,  because  of  the  absence  of  any  other  locomotive 
organs  than  skin-cilia,  by  means  of  which,  though  covering  only 
one  half  of  the  body,  the  animals  yet  proceed  with  a  soft  guding 
motion,  like  that  of  the  Yortex-worms;  3,  because  the  absence 
of  muscles,  nerves,  and  vessels  is  approached  by  the  obscure 
condition  and  receding  development  of  these  organs  in  many  of 
the  more  minute  Bhabdocoela  and  Microstomata,  Thus  there 
seems  here  a  closer  affinity  than  with  the  Annelida. 

Difficulties,  however,  beset  the  attempt  to  assign  to  the 
OhcetonotidcB  their  natural  place  in  the  class  Tubbeliabia.  The 
Dendroccda  and  the  Ehyncoccela  are  at  once  excluded;  the 
former  consisting  of  animals  of  superior  size,  ftimished  with  a 
ramified  intestine  without  an  anal  orifice ;  the  latter  having,  in- 
deed, a  straight  intestine,  provided  with  an  anus,  but  invariably 
possessing  a  protrusile  proboscis.  There  remain  the  Bhabdo- 
coela  and  the  Arhynchia,*  Both  these  groups  contain  small 
forms,  resembling  those  of  the  Ohcetonotvioe ;  but  the  former 
have  an  intestine  without  an  anus,  and  a  hermaphodite  system 
of  reproduction ;  the  latter  an  anal  orifice,  but  a  dioecious  re- 
production. Thus  the  Ohcetonotidce,  hermaphrodite  and  fur- 
nished with  an  anus,  cannot,  without  force,  be  referred  to 
either. 

In  t£e  TuBBELLABiA,  as  in  the  Vermes  generally,  those  cha- 
racters which  are  drawn  from  the  form  of  the  alimentary 
canal  have  a  higher  systematic  signification  than  such  as  depend 
on  the  condition  of  the  reproductive  system.  If  the  OhcetonO' 
tidcBy  then,  are  to  be  placed  among  the  Turbellaria,  Dr.  Schulze 
would  associate  them,  not  with  the  RhabdocoBla,  but  with  the 
Arhynehia  ;  which  would  include  the  MicTostomata  and  Brno- 
philiLs  as  dioecious,  the  ChcetonotidoB  as  monoecious  forms. 

Finally,  this  able  zoologist,  taking  into  consideration  all  the 
facts  recorded,  considers  it  premature  to  determine  the  actual 

« 

•  Vide  SohnWa  StUr.  z.  Natwrg.  d,  IMfellarien. 
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relation  of  the  family  in  questdon.  Assigning  to  tkem  a  pro- 
visional place  among  the  Tusbellasu^  as  jnst  indicated,  he 
admits  that  farther  investigationB  of  the  anatomy  of  this  little 
examined  group  may  bring  to  light  relations  hardly  snspected ; 
while  many  forms  more  or  less  closely  allied  may  still  lurk  un- 
discovered^ acquaintance  with  which  may  modify  our  already 
accepted  conclusions.  Dujardin's  curious  little  Eehmodera,  and 
my  own  equally  anomalous  Taphrocampa,  appear,  for  example, 
to  widen  the  distance  between  the  group  and  the  Tubbellabia; 
while,  in  their  more  strongly  marked  segmentation  they  show 
a  decided  approach  to  the  AnneHdous  forms. 

Haying  thus  given  to  the  reader  an  abstract  of  the  views  of 
one  of  the  most  learned  of  Continental  zoologists  on  this  obscure 
group,  I  proceed  to  describe  all  the  species  as  yet  recognised 
in  it,  premising  that  I  have  myself  met  with  some^  manifestly 
belonging  to  before-unknown  genera,  and  other  species  whi<^ 
seem  irreconcileable  with  published  descriptions  and  figures  of 
such  as  had  been  recognized.    These  I  propose  to  include. 

FAMILT  CH^rrONOTIDiE. 

I  think  it  desirable  that  the  family  should  be  named  after  the 
most  characteristic  and  most  populous  genus,  ^which  is  indubit- 
ably ChceUmotvSf  and  not  Ichthydium,  It  consists  of  §oft- 
bodied  animals  microscopically  minute^  of  lengthened  form, 
having  a  bilateral  symmetiy,  with  a  more  or  less  distinct 
separation  of  the  head;  the  body  more  or  less  clothed  with 
vibratory  cilia,  and  for  the  most  part  with  long  hairs;  the 
alimentary  canal  straight,  and  furnished  with  an  orifice  at  each 
extremity.    Inhabitants  of  fresh-water. 

Genus  I. — Ichthydium  (Ehrmlerg). 

Posterior  extremify  forked ;  body  xmfnmished  with  hair. 

Sp.  1.  I.  podura  {Mtill.)  This  form  has  been  often  seen 
by  the  early  observers,  if  we  can  be  quite  sure  that  it  has  not 
been  confounded  with  Ohcei.  lartu.  Ehrenborg  first  certainly 
defined  it,  having  met  with  it  in  Nubia,  among  conferva  from 
the  Nile,  and  subsequently  near  Berlin.  The  body  is  linear- 
oblong,  with  the  anterior  extremity  swollen ;  sometimes  three- 
lobed;  often  slightly  constricted;  the  hind  fork  short.  The 
ventrsJ  surface  is  flat,  the  dorsal  arched,  and  destitute  of  hair. 
The  largest  specimens  have  not  the  least  vestige  of  hair  on  the 
back.  The  animal  is  colourless  or  whitish,  but  sometimes 
tinged  with  yellow,  through  the  distension  of  the  wide  intes- 
tine. A  longitudinal  band  of  cilia  was  in  one  specimen  clearly 
seen  by  Ehrenberg,  along  the  belly,  but  in  other  individuals. 
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though  of  large  edze^  he  could  not  with  the  utmost  care  discern 
it  directly^  though  he  saw  a  distinct  rotation  at  the  mouth. 
It  swims  more  rarely  than  it  crawls.  Our  specimen  showed^ 
in  the  hinder  part  of  the  thick  body^  a  large  dark  egg^  well 
developed. 

This  species  appears  to  be  rare;  I  haye  not  myself  met 
with  it^  nor  have  1  noticed  any  record  of  its  occurrence  since 
the  publication  of  Ehrenberg's  obsenrations. 

GrenusII. — Oh-btohotus  (Eh/r.). 

Posterior  extremity  forked ;  body  clothed  with  hair. 

Sp.  2.  0.  larus  {Mull)  (PI.  i.  Figs.  1—3.)  This  is  the 
most  commonly  observed  species  of  the  whole  family^  being 
very  frequently  met  with  among  duckweed,  conferva,  and  other 
aquatic  vegetation.  It  is  of  moderate  dimensions,  as  compared 
with  others,  ranging  from  l-400th  to  l-200th  of  an  inch  in 
length.  Its  body  is  not  quite  four  times  as  long  as  broad ;  the 
head  is  roundish  or  obscurely  triangular,  passing  insensibly 
into  the  thick  neck  which  separates  it  from  the  swelling  ab- 
domen. The  posterior  extremity  is  deeply  forked,  the  two 
divergent  toes  tapering  to  points,  which  are  sometimes  obtuse. 
Ehrenberg  distinguishes  the  species  by  its  having  the  hairs  on 
the  hinder  portion  of  the  back  longer  than  those  on  the  fore 
part ;  and  in  this  distinction  I  concur  with  him,  the  specimens 
that  I  have  seen  possessing  the  character  strongly  marked, 
sometimes  excessively.  These  long  hairs  are  few,  and  spring 
out  of  a  dense  coat  of  short  hair,  which  clothes  the  whole  bod^, 
but  most  thickly  behind.  Probably  this  is  what  M.  Dinardm 
refers  to  when  he  remarks  that  "  looking  at  it  in  profile  we 
recognize  that  the  back  is  covered  with  asperities  from  be* 
tween  which  the  long  straight  hairs  spring.''  *  No  one  that 
I  am  aware  of  has  remarked  a  curious  circumstance,  that  the 
sides  of  the  head  are  frimished  (Fig.  3)  with  some  very  long 
slender  hairs,  which  stand  out  laterally,  diverging,  curving 
slightly  forward,  like  the  whiskers  of  a  cat.  I  have  observed 
the  animal  frequently  bend  and  straighten  them  rapidly,  near 
the  tips,  one  independently  of  another,  with  a  movement  very 
different  from  an  ordinary  ciliary  vibration.  A  strong  ciliary 
current  is  produced  on  each  side,  by  which  floating  atoms  are 
drawn  towards  the  head,  and  then  rapidly  hurled  about  half- 
way down  the  body.  Vigorous  ciliary  currents  are  seen  to 
pass  along  the  inferior  surface  of  the  neck :  I  have  not  often 
been  able  to  define  these  as  forming  two  bands,  though  occa- 
sionally they  are  traceable,  reaching  nearly  as  far  as  the  bottom 
of  the  posterior  cleft,  and  then  turning  abruptly  up  and  run- 

*  Ski.  d,  Jif/WoJTM^  p.  570.    Saei  howerer^  u|A^  under  Dot.  tmUtmifftr. 
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niiig  forward  along  the  sides.  The  month  appears  to  me  oval, 
minute,  slightly  protrusile;  Ehrenberg  describes  it  as  a  tnbe 
furnished  with  eight  teeth.  It  leads  into  a  gullet  with  very 
thick  transparent  walls,  and  a  very  slender  perforation,  whicl^ 
at  about  one-third  the  total  length  of  the  animal,  enters  a 
straight  intestine,  of  equal  diameter  with  the  gnllet-wall. 
This,  as  I  have  seen  it,  has  been  generally  colourless,  loosely 
fiUed  with  irregular  clear  masses,  and  apparently  terminating 
at  a  curved  transverse  line,  considerably  above  the  fork.  This 
line  is  doubtless  the  outline  of  the  swollen  arched  back,  and 
marks'  the  position  of  the  cloaca,  which,  as  is  firequently  the 
case,  is  visible  only  at  the  instant  of  its  function.  Ehrenberg 
has  induced  the  digestive  organs  to  receive  indigo.  The  same 
observer  has  frequently  seen  a  large  developed  egg  contained 
in  the  ovary,  which  occupies  the  arched  cavity  of  the  abdomen, 
situate  over  (that  is,  more  towards  the  back)  the  intestine. 
The  egg  is  about  one-third  as  long  as  the  whole  animal.  I 
have  seen  the  reproductive  system  in  an  inactive  condition, 
merely  as  clear,  refracting  viscera  of  large  size,  and  irregular 
shape,  lying  in  the  abdominal  cavity,  occasionally  extending 
forward  to  the  neck.  On  one  occasion  I  am  pretty  sure  that 
I  saw,  for  a  portion  of  its  length,  a  tortuous  water^vessel,  run- 
ningdown  one  side.     (See  Fig.  3.) 

The  movements  of  this  little  animal  are  smooth  and  grace- 
ful, a  sort  of  gliding  or  creeping  over  the  water-plants ;  rarely 
swimming.  Once  I  saw  a  ParamcBcium  come  blundering 
up  against  an  unsuspecting  Chcetonottis,  who  instantly  doubled 
his  pace  as  if  frightened,  but  soon  recovered  his  equanimity. 
Mr.  Slack  says,  that  among  threads  of  conferva  or  decayed 
vegetation,  he  has  observed  it  grope  about,  and  shake  them 
like  a  dog.  (See  Marvels  of  Pond  Life,  p.  84 ;  where  are  two 
excellent  figures  of  the  species,  and  some  interesting  notes  of 
its  maimers.) 

Sp.  3.  0.  maximus  (Mr.)  (PI.  i.  Figs.  4  and  5).  This  is 
about  twice  the  size  of  the  preceding,  measuring  &om  1 -120th 
to  1 -200th  of  an  inch.  The  body  is  lengthened,  slightly  con- 
stricted, with  the  head  turgid  and  obtusely  triangular;  the 
hairs  on  the  upper  surface  short  and  equal.  Such  is  Ehren- 
berg's  definition  of  the  species,  who  adds  that  the  mouth  is 
furnished  vrith  about  eight  feeble  teeth  (possibly  papillsB).  The 
distribution  of  the  bristles  in  one  he  observed  in  distinct  longi- 
tudinal rows ;  in  another  the  arrangement  appeared  irregularly 
diagonal.  A  single  egg  is  developed  at  once,  greatly  dilating 
the  dorsal  region  of  the  abdomen,  which  Ehrenberg  saw  dis- 
charged by  the  cloaca  above  the  foot-fork ;  he  saw  the  germ- 
veside  distinctly. 

Dr.  Schulze  suggests  the  possibility  that  this  species  and 
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C.  larus  may  be  identical ;  but  surely  without  good  reason. 
He  has  added  a  good  deal  to  our  knowledge  of  its  minuter 
anatomy;  in  particular  he  does  not  find  the  bristles  of  equal 
lengthy  but  longest  on  the  back  and  hind  end ;  and  states  that 
each  is  a  pointed  spine  furnished  with  two  min/ute  sviboi'dinate 
spines,  one  springing  on  each  side  of  its  hose.  These  spines  are 
processes  of  the  skin^  not  hairs  inserted  into  it ;  but  they  are 
dissolved  by  potass  more  readily  than  the  skin  itself.  The 
belly  surface  is  quite  destitute  of  spines^  but  it  is  uniformly 
clothed  on  the  anterior  half  with  short  ciUa^  which  on  the  pos- 
terior half  are  ranged  in  two  bands  along  the  edge^  uniting 
above  the  fork.  "nLe  median  hue  of  the  belly  is  clotiied  with 
a  row  of  short  stiff  down  lying  backwards. 

The  mouthy  surrounded  by  eight  or  ten  long^  soft^  and 
immoveable  slender  hairs^  is  formed  by  a  circular  membrane^ 
either  finely  plaited^  or  beset  with  minute  prominences  (''teeth^' 
Ehr.)^  protrusile,  in  the  form  of  a  short  tube.  Schulze  recog- 
nizes the  great  egg  with  its  germ-vesicle^  and  adds  that  it  is 
covered  with  a  shelly  which  potass  does  not  dissolve.  He  also 
finds  in  front  of  the  ovary  a  cellular  spermatic  gland^  and  two 
groups  of  spermatozoa;  but  fails  to  detect  any  trace  of  nerves^ 
muscles^  water-vessels,  or  tremulous  tags. 

In  August,  1851^  I  found  in  a  dyke  near  Stratford  a  very 
large  Ghoetonotus,  which  I  am  disposed  to  refer  to  this  species. 
Its  length  was  l-70th  of  an  inch^  its  greatest  width  l-400th 
(but  including  the  bristles  1 -800th) ;  length  of  the  toes  1 -580th. 
The  dimensions,  equal  to  those  of  a  full-grown  Notommata 
a/urita,  rendered  it  distinctly  visible  to  the  naked  eye,  and 
marked  it  from  all  others  known  to  me.  It  was  equally  marked 
by  its  dense  coat  of  rigid,  s|)inous  bristles,  set  aU  over  the  body 
on  the  upper  surface  and  sides,  and  which  are  longer  towards 
the  hinder  parts.  The  toes  are  small,  slender,  slightly  knobbed 
and  incurved;  they  can  be  made  to  approach,  and  even  to 
cross  each  other.  On  the  anterior  half  of  the  body  the  bases 
of  the  bristles  are  evidently  set  in  quincmix  in  about  eight  rows 
visible ;  the  spots  are  very  distinct  and  strong.  On  the  pos- 
terior half,  the  increased  length  and  decumbency  of  the  bristles 
cause  a  brown  opacity  and  roughness ;  through  which,  however, 
the  cylindrical  intestine)  can  be  seen  by  focussine.  The  head 
is  but  slightly  lobed,  and  the  neck  scarcely  at  aU  constricted. 
The  mouth  consists  of  a  short  tube,  evidently  protrusile,  with  a 
dark  oval  speck  at  the  bottom  in  the  centre,  where  a  straight 
slender  tube  originates,  and  passes  through  a  wide  cylindrical 
oesophagus  to  the  intestine,  the  head  of  the  latter  embracing 
its  fundus.  On  the  front  and  at  each  side  of  the  head  are 
very  delicate  curved  hairs  hke  vibrisssB.  Just  below  the  lower 
edge  of  the  mouth  are  placed  two  minute  hooked  organs,  the 
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end  of  wbicli  seem  thickened  and  are  bent  downwards.  Oval 
clear  specks^  one  on  each  side  of  the  fisbce^  may  be  eyes.  (See 
Fig.  5.) 

The  manners  were  mnbh  like  those  of  the  rest  of  the  genus. 
It  was  restless,  crawling  impatiently  among  the  Uttle  masses  of 
sediment,  frequently  turmng  itself  double,  and  sometimes  coil- 
ing almost  into  a  circle ;  perpetually  shortening  and  lengthen- 
ing the  head,  protruding  the  mouth,  and  searching  with  the 
fore  part,  like  a  caterpillar.     It  sometimes  swam  briskly. 

A  much  smaller  individual,  from  the  same  dyke,  had  the 
bristles  much  fewer;  they  were,  however,  very  coarse,  and 
rigid  and  curved.  A  row  of  fine  close-set  vibrating  cilia  run 
along  the  side  besides  the  bristles.  I  think  it  was  a  young  one 
of  the  same  species. 

In  a  specimen  recently  dead,  and  lying  on  its  side,  I  saw 
the  lateral  form  of  the  mouth,  and  the  traces  of  tooth-like  striaB 
that  surround  it.  I  saw  no  bristles  along  the  belly  line,  but 
they  covered  the  whole  sides.  Certain  irreguhu-  lines  may  pos- 
sibly  have  been  folds  of  the  skin.  The  intestine  was  decurved, 
and  terminated  considerably  short  of  the  fork ;  it  appeared  to 
have  a  distinct  portion  at  its  anterior  end,  separated  by  a  dia- 
phragm. The  toes  were  decurved.  I  did  not  notice  the  pecu- 
liar structure  of  the  bristles  observed  by  Schulze,  but  cannot 
affirm  that  it  was  not  present. 

Sp.  4.  C.  brevis  (Ehr,).  This  is  characterized  by  its  minute 
dimensions,  being  only  l-430th  of  an  inch  in  length,  and  by 
its  having  several  eggs  developed  simultaneously,  which  are 
proportionally  smaller.  A  doubtftd  species,  and  one  which  has 
not,  I  believe,  been  recognized  by  any  other  observer. 

Sp.  5.  G.  squammatus  (IH9.)  (PL  i.  Fig,  6.)  The  hairs 
enlarged  in  the  manner  of  scales,  regularly  imbricated,  distin- 
guish this  species.  M.  Dujardin  found  it  in  January  1840,  in 
a  bottle  of  fresh  water  which  he  had  kept  for  more  than  a  year, 
having  brought  it  originally  from  Paris  to  Toulouse.*  On  the 
upper  surface  it  appears  clothed  with  scales  ranged  in  seven 
longitudinal  rows,  but  on  a  side  view  these  are  seen  to  be  the 
bases  of  short  hairs  which  cover  all  the  back,  and  even  the 
forked  foot.  The  mouth  appeared  surrounded  by  four  or  five 
papill89,  only  occasionally  visible.  The  vibratory  cilia  of  the 
ventral  surface  are  very  long,  especially  on  the  anterior 
portion. 

In  1850  I  found  what  I  presume  to  be  this  species,  in  a 
tub  of  water  exposed  in  my  garden  for  the  propagation  of  Roti- 
fera.  A  description,  made  at  the  time,  without  any  knowledge 
of  Dujardin's  observations,  I  subjoin.    Length  l-170th  of  an 

*  Pritchard  {Infku,  4th  Ed.  p.  662)  hj  mistake  wfn  ^na  water  from  Ton- 
loYwe." 
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inoh.  In  form  this  resembles  0.  Icmis,  being  rather  broad  in 
proportion  to  the  length.  At  first  sight  the  body  seems  quite 
smooth,  but  on  bendmg  strongly  to  either  side,  it  is  seen  to  be 
clothed  with  hair,  as  it  were  agglutinated  in  locks,  like  human 
hair  wetted ;  for  these  locks  then  separate.  The  outline  of  the 
head  is  slightly  five-lobed,  and  on  each  side  of  the  face  there 
are  several  long  slender  bristles  diverging  laterally,  like  the 
whiskers  of  a  oat*  Along  the  ventral  surface  run  two  rows  of 
vibratile  cilia,  extending  the  whole  length ;  they  appear  to  be 
longest  near  the  front.  I  distinctly  saw  them  in  vibration 
throughout,  and  the  motion  oommunioated  by  them  to  the 
floating  atoms  was  strong  and  conspicuous;  &ese,  however, 
were  hurled  backwards  longitudinally  onlyj  with  no  trace  of 
vortices. 

The  mouth,  oesophagus,  and  alimentary  canal  do  not  differ 
from  those  \)f  the  next,  species;  but  the  surface  of  the  body 
presents  something  peculiar ;  it  appears  to  be  thrown  into  a 
number  of  transverse  or  annular  wrinkles,  possibly  produced 
by  the  arrangement  of  the  hair  in  looks.  On  the  front  third  a 
number  of  teuisversely  oblong  dark  spots  are  seen,  arranged 

Suincuncially  with  much  regularity ;  their  nature  I  could  not 
etermine,  unless  they  also  be  divisions  of  the  matted  masses 
of  hair;  they  are  certainly  not  spots  of  positive  colour.  The 
whole  animal  is  colourless;  the  intestine  was  granular,  but 
appeared  empty ;  it  would  not  imbibe  carmine.  No  reproduc- 
tive organs  were  discernible.  The  forked  toes  are  blunt  at 
the  tips ;  they  are  sometimes  widely  separated ;  that  they  are 
soft  was  manifest  when  one  was  bent  by  pressure  against  the 
glass,  as  the  animal  turned.  It  possesses  the  power  of  con- 
traction and  elongation  to  a  slight  extent ;  in  the  former  the 
transverse  wrinkles  become  more  distinct,  and  the  animal 
becomes  shorter  and  broader.  My  specimen  was  very  active, 
crawling  nimbly,  and  swimming  with  much  swiftness,  but  in 
an  unsettled  wandering  manner.  The  body  is  very  flexible, 
frequently  turning  so  short  as  to  be  bent  double. 

8p.  6.  C.  Slackise  {Oosbb).  (Plate  i.  Fig.  7.)  This  undescribed 
species  I  venture  to  dedicate  to  a  lady,  to  whose  facile  and  ele- 
gant pencil  microscopists  are  so  much  indebted  for  the  beautiful 
and  ^thful  delineations  of  The  Ma/rvels  of  Pond  lAfe.  I  ob- 
tained it  in  January,  1851,  from  the  sediment  of  the  garden-tub 
already  alluded  to.  Its  length  was  1  -135th  of  an  inch ;  its  greatest 
breadtih  1 -600th.  The  proportions  are  nearly  those  of  U.  la/rus^ 
but  the  outline  of  the  head  is  the  half  of  a  short  ellipse,  without 
lobes,  and  it  passes,  with  an  abrupt  angle>  into  the  neck,  which 
is  somewhat  more  slender  in  proportion  to  the  body  than  in  the 
species  just  named.  This  form  of  the  head  gives  a  peculiar 
aspect  to  the  physiognomy,  and  is  the  first  appearance  of  a 
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character  whicli  is  more  marked  in  the  following  species^  and 
more  strongly  still  in  the  genns  Dasydytes.  The  upper  siuface 
of  the  ho^  is  conspicaonsly  studded  with  qnincunoal  dots^  the 
optical  e^ct  of  what  I  judge  to  be  tubercles  or  warts  so 
arranged^  from  which^  perhaps,  the  hairs  spring.  (In  the  en- 
graving I  have  not  indicated  this  reticulation,  that  I  might  dis- 
play more  clearly  some  important  particulars  of  the  internal 
aoatomy.)  The  back  and  sides  are  clothed  with  very  fine  hair  of 
only  moderate  length,  which  is  directed  backwards.  I  did  not 
detect  any  trace  of  facial  vibrissaB. 

The  mouth  is  rather  larger  than  usual,  abruptly  narrowed 
behind.  The  oesophagus  is  of  the  normal  form,  a  cylinder  with 
veiy  thick  transparent  walls,  centrally  pierced  by  a  slender 
tube.  I  was  surprised  to  observe  that  the  cesophagus  did  not 
embrace  the  mouth,  but  appeared  to  commence  ju|t  behind  it, 
by  a  peculiarity  of  structure  not  easy  to  explain  (perhaps  a 
sudden  dip  or  angle  carrying  it  out  of  focus,  though  in  incessant 
manipulation,  such  a  circumstance  could  scarcely  have  been 
undetected),  apparently  with  a  depressed  centre,  where  the 
medial  perforation  began.  (See  Fig.  7.)  Imbedded  in  the  exterior 
wall  of  this  viscus,  on  each  side  of  its  summit,  was  a  minute 
oval  dot,  well  defined,  which  at  times  appeared  to  have  positive 
colour,  and  which  reminded  me  of  the  eye-specks  of  Rotifera. 
At  the  posterior  extremity  of  this  perforated  viscus  (which 
in  ignorance  we  call  the  cesophagus),  about  one*fourth  of  its 
length,  having  a  vaulted  figure,  seemed  separated  by  a  delicate 
bounding  line  from  the  rest.  The  posterior  extremity  was 
slightly  excavated,  and  seated  upon  the  correspondingly  convex 
summit  of  the  intestine, — another  deviation  from  the  normal 
condition,  in  which  the  intestine  embraces  the  oesophagus  in  a 
hollow.  On  each  side  of  the  summit  of  the  intestine  an  oval 
clear  vesicle  was  seated,  having  the  appearance,  situation,  and 
doubtless  function,  of  those  gl^ds  which,  in  almost  all  Rotifera, 
we  assume  to  be  pancreatic. 

But  the  most  interesting  result  of  examination  was  the  in- 
dubitable discovery  of  a  water-system  on  the  plan  of  that  of  the 
Rotifera.  Serpentine  vessels  ran  along  each  side  of  the  body- 
cavil?^  (two  visible  on  one  side,  one  only  on  the  other),  which 
could  be  traced  very  distinctly  (especially  when  the  fl-PiTnal 
bent  itself  laterally)  nearly  to  the  fork,  and  in  front  to  the 
occiput,  where  each  ended  in  a  clavate  bulb.  Immediately  in 
front  of  this  pair  of  bulbs,  but  not  having  any  visible  connection 
witii  them,  were  two  globular  vesicles,  which  refracted  the 
hght  stronriy,  and  were  probably  filled  with  some  fluid.  These 
were  not  distinct  in  the  same  focus  that  defined  the  minute 
eye-like  specks,  and  hence  must  have  been  in  the  opposite 
(ventral)  region  of  the  head-cavity.    After  a  while,  one  only  of 
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tliese  could  be  found,  the  other  having  vanished.  Are  they, 
then,  contractile  vesicles  ?  The  other  viscera  presented  nothing 
remarkable. 

Sp.  7.  0.  gracilis  [Qosse).  (PI.  i.  Pig.  8.)      This  elegant 

species,  which  I  obtained  from  a  pond  near  Leamington,  in 

July,  1850,  is  remarkable  for  the  slenderness  of  its  form,  which 

is  not  broader  than  that  of  0.  larus,  while  it  is  about  twice  its 

length.     The  head  is  dilated  at  the  occiput,  where  it  is  abruptly 

joined  to  the  narrow  neck,  somewhat  triangular,  divided  into 

five  well-marked  rounded  lobes,  and  fringed  on  each  side  with 

laterally-diverging  straight  hairs.     In  the  middle  of  the  frontal 

lobe  is  pierced  the  mouth,  which  is  of  the  same  form  as  in 

0.  Slachue,  with  slightly  protrusile  lips.     The  oesophagus  is  of 

the  ordinary  form,  but  its  anterior  extremity  is  conterminous 

with  the  front  of  the  head,  with  no  such  structure,  and  no  such 

accessories  as  are  seen  in  the  species  just  named.    Its  length 

is  unusual,  for  it  extends  nearly  to  the  middle  of  the  body, 

where,  just  before  it  enters  the  intestine,  the  thick  muscular 

wall  suddenly  narrows,  till  it  seems  commensurate  with  the 

tube  itself.    The  intestine  is  concave  at  its  qommencement,  or 

rather,  perhaps,  it  is  furnished  with  a  pancreatic  gland  on  each 

side,  which,  as  is  frequently  the  case  in  the  Botifera,  is  pointed 

and  ear-like.     This  suggestion,  however,  rests  merely  on  the 

form ;  for  I  have  not  detected  any  bounding  line  between  the 

points  and  the  intestine,  nor  was  their  substance  clear,  but 

densely  filled,  as  was  that  viscus,  with  finely  granular  matter. 

The  rounded  termination,  marking  doubtless  the  position  of 

the  cloaca,  is  on  the  descent  of  the  back^  some  distance  in  front 

of  the  foot-fork. 

I  was  not  able  to  discern  any  internal  organs  besides  the 
alimentary  canal,  though  the  opacity  caused  by  the  hairs  was 
much  less  than  usual.  The  anterior  half  of  the  body  shows  the 
bases  of  the  hairs,  like  veiy  deUcate  dots  set  in  quincunx.  The 
sides  and  back  are  armed  with  fine  bristles  curving  backwards. 
The  points  of  the  foot-fork  are  slender,  sub-cylindrical,  and 
slightly  dilated  at  the  lips,  which  are  decurved. 

The  animal  crawls  mipatiently  about,  apparently  seeking 
for  food;  for  I  several  times  saw  it  eagerly  snap  at  a  Monad, 
that  roamed  near,  opening  the  mouth  at  the  same  moment. 
Once  I  believe  1  saw  it  seize  and  swallow  the  prey,  though  as  it 
was  the  work  of  an  instant,  I  could  not  be  quite  certain.  I 
have  obtained  but  one  specimen  of  this  species. 

Genus  III. — ^Dastdytes  {Qoase). 

Head  distinct :  posterior  extremely  simple^  truncate ;  body 
furnished  with  hair. 
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Sp.  8.  D.  goniathrix  (Oosse).  (PL  ii.  Kgs.  9 — 12.)  Hairs 
long^  eaoli  hair  bent  with  an  abrupt  angle ;  neck  much 
constricted. 

This  and  the  following  species  I  briefly  defined^  and 
formed  of  them  the  genus  Sasydytes,  in  the  Annals  of  Natural 
History,  for  Sept.  1851.  The  present  very  remarkable  form 
was  obtained  from  a  pool  at  Leamington^  in  July  of  the  pre- 
ceding year.  The  length  of  the  body  is  l-150th  of  an  inch ; 
measured  to  the  tips  of  the  bristles^  1-1 10th.  The  head  is 
nearly  circular,  as  wide  as  the  body,  without  lobes,  but  ab- 
ruptly separated  from  a  slender  neck.  The  mouth  takes  the 
form  of  a  permanently  projecting  truncate  lip,  or  short  tube. 
The  body  is  rather  slender,  swelUng  toward  the  hinder  part, 
and  tapering  to  a  rounded  or  truncate  point,  without  any  trace 
of  the  ordinary  forked  foot.  A  most  peculiar  and  bizarre  cha- 
racter is  imparted  to  the  creature  by  its  clothing  of  very  long 
bristles,  set  along  each  side  of  the  back,  pointing  obhquely 
backward,  but  apparently  wanting  along  the  mesial  line,  which 
rises  into  a  ridge.  Each  bristle  is  bent  near  its  tip  at  an 
abrupt  angle  (see  Fig.  12),  so  that  it  looks  as  if  it  had  been 
broken  and  mended.  The  front  of  the  head  is  furnished  with 
long  delicate  hairs,  not  geniculate,  which  form  two  pencils 
directed  backward,  one  falling  on  each  side.  Strong  and  con- 
spicuous vortical  currents  were  produced  on  each  side  of  the 
head,  like  those  of  the  true  Rotifera  (Fig.  9),  and  in  one  speci- 
men I  distinctly  saw  that  they  were  caused  by  these  frontal 
pencils  of  hairs,  and  that  these  were  very  long  vibratory  cilia. 
The  ventral  suiface  is  set  with  short  fine  hair,  which  becomes 
longer  behind  (Fig.  10);  doubtless  dlia  of  unusual  develop- 
ment, for  they  produced  strong  longitudinal  backward  cur- 
rents, continued  from  the  frontal  vortices. 

The  tube  of  the  cBSophagus  is  always  distinct,  but  the  walls 
are  to  be  discerned  only  when  the  animal  is  flattened  by  the 
compressorium.  Then  it  is  seen  to  be  fusiform,  instead  of 
cylindrical,  extending  through  one-third  of  the  body,  where  its 
tube  enters  a  wide  cylindrical  intestine,  with  a  broad  abruptly 
truncate  anterior  extremity;  of  this  a  short  portion  is  clear, 
when  the  remainder  is  occupied  with  opaque  granular  food, 
and  possibly  may  represent  a  pancreatic  gland  of  abnormal 
form,  as  it  embraces  the  hinder  part  of  the  gullet  tube,  or  else 
is  perforate  with  a  similar  tube  (see  Fig.  9).  But  in  one  speci- 
men this  very  portion  was  intensely  opaque,  while  the  intes- 
tine was  granular.  The  cloacal  orifice  seems  to  be  at  the 
very  extremity  of  the  body,  as  no  termination  of  the  intestine, 
nor  even  any  diminution  of  its  diameter,  can  be  discerned  short 
of  that  point.  On  repeated  occasions  I  have  seen  the  act  of 
defecation,  in  one  of  which  an  oval  clear  corpuscle  was  dis- 
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charged^  which,  before,  as  it  lay  near  the  extremity  of  the 
body,  had  much  puzzled  me  :  it  was  probably  the  undissolved 
envelope  of  a  minute  animalcule,  which  had  been  devoured. 

In  one  specimen,  a  large  very  clear  viscus  of  irregular 
form  occupied  the  widest  part  of  the  body,  above  the  intestine, 
elevating  the  back  into  a  hump.  After  some  hours  this  viscus, 
which  at  first  appeared  structureless,  developed  an  egg-cell 
with  its  nucleus,  thus  proving  to  be  the  ovary.  The  entire 
animal  is  of  a  pale  smoky  colour.  It  does  not  crawl  like  the 
ChsBtonotes,  but  habitually  swims  swiftly  about,  keepiug, 
however,  near  the  bottom  of  the  water. 

Fig.  11  represents  an  individual  as  it  appeared  after  it 
had  become  sluggish,  and  apparently  dying ;  it  is  evidently  a 
view  lengthwise  along  the  back,  the  lower  part,  or  that  next 
the  observer,  being,  I  believe,  the  head.  It  is  valuable  as 
showing  the  arrangement  of  the  angled  hairs. 

Sp.  9.  D.  antenniger  {Gosse),  (PI.  ii.  Figs.  13,  14.)  Hairs 
short,  downy;  a  pencil  of  long  hairs  at  each  angle  of  the 
posterior  extremity;  head  furnished  with  two  club-shaped 
organs  resembling  antennsd.  The  horse-pond  on  Hampstead 
Heath  yielded  me  this  species,  in  August,  1850,  It  is  a  little 
smaller  than  the  preceding,  the  length  being  only  1-1 70th  of 
an  inch ;  but  measured  to  the  tips  of  the  hairs,  l-140th.  In 
general  figure,  and  in  some  particulars  of  its  organization,  it 
appears  to  diverge  less  from  Ohcetonotus,  than  the  preceding 
species  does.  The  head  is  round,  as  wide  as  the  body ;  and 
there  is  but  little  constriction  at  the  neck.  The  upper  surface 
is  covered  with  short  but  dense  hair  pointing  backwards,  and 
apparently  set  in  quincunx ;  the  posterior  extremity  is  some- 
what  three-lobed,  the  middle  lobe  ftimished  with  a  terminal 
brush  of  diverging  hairs,  the  outer  lobes  each  bearing  a  pencil 
of  much  longer  hairs  proceeding  from  its  exterior  side,  and 
approaching  or  crossing  the  opposite  pencil  at  the  tips  (Fig. 
14).  From  the  front  of  the  head  projects  the  prominent 
tubular  mouth ;  on  each  side  of  which  long  hairs  fall  backward 
as  in  D.  goniathrix,  and  these,  by  their  vibration,  cause  a 
perfect  vortex  on  each  side  (see  Fig.  13),  while  there  is  an 
accessory  current  also  down  along  the  side,  and  probably  all 
along  the  belly.  But  the  most  remarkable  feature  in  this 
species  is  the  presence  of  a  pair  of  antennaa  or  tentacles; 
these  are  nearly  as  long  as  the  width  of  the  body,  are  slightly 
clubbed,  and  are  placed  one  on  each  side  of  the  tubular  mouth, 
whence  they  spring  in  a  curve  forwards  and  outwards.  Near 
the  middle  of  the  head  is  a  little  rounded  mass,  somewhat 
curdled  in  appearance,  which  I  take  to  be  a  cerebral  ganglion. 
An  unusually  wide  and  long  oesophagus,  ventricose  behind  and 
permeated  by  a  tube  through  its  centre,  leads  from  the  mouth 
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to  a  nearly  cylindrical  intestine.  This  widens  a  little  in  front 
to  embrace  the  bulbous  end  of  the  oesophagus^  and  extends 
neariy  to  the  posterior  extremity.  It  was  filled  with  food  of  a 
rich  uniform  green  hue^  and  contained  many  air-bubbles^ 
especially  towards  its  fore  part.  On  each  side  of  the  fore  part 
of  this  yiscus^  I  could  indistinctly  trace  a  lengthened  slender 
body,  apparently  a  tortuous  vessel,  which  on  one  side  seemed 
to  be  connected  with  a  small  oval  clear  organ.  From  the  fact 
that  sometimes  it  was  quite  plain,  whUe  at  others  I  could  not 
discern  any  trace  of  it,  it  may  probably  have  been  a  con- 
tractile vesicle.  The  whole  outline  of  the  animal  appeared  to 
have  a  wavy  or  notched  character,  indicating  a  tuberculous 
surface,  as  in  0.  SlacJdce,  if  it  was  not  an  optical  illusion,  and 
caused  by  the  hairs. 

This  little  animal  was  very  active,  swimming  with  much 
rapidity,  and  rarely  becoming  still;  when  confined  in  cells 
formed  by  wool-fibres  it  was  most  persevering  and  often  suc- 
cessful in  forcincr  the  barriers,  by  firettincf  its  thin  flat  head 
under  a  fibr«,  Jd  pushing  uiJta  Vforce!  its  body  «m,ugh 
also. 

Genus  IV".*— Turbanblla  {Schulze). 

Head  distinct,  surrounded  by  a  ring  of  cilia ;  body  naked 
above,  clothed  with  ciHa  beneath;  two  rows  of  bristled  pro- 
cesses along  each  side ;  posterior  extremity  a  broad  flat  plate 
with  a  central  division. 

Sp.  10.  T.  hyalina  (Schulze) .  (PI.  ii.  Fig.  15.)  Length  1.60th 
to  1.48th  of  an  inch;  width  1 -480th  to  1 -360th.  The  body  is 
lengthened,  somewhat  flat,  transparent,  colourless ;  separated 
by  a  Btamgulafcion  from  a  rondo-triangular  head,  which  is  whoUy 
covered  with  fine  ciUa,  and  bears  besides  a  wreath  of  strong 
cilia  around  its  centre.  The  hinder  extremity  expands  into 
two  hard  fiat  plates,  which  are  indented  comb-like  on  their 
edge,  and  are  divided  in  the  middle  by  a  sinus,  into  which 
opens  the  cloaca.  At  nearly  regular  distances,  all  along  each 
side  of  the  body,  are  placed  stiff  processes  of  the  skin,  to  the 
number  of  twenty  to  twenty-five,  projecting  at  right  angles 
horizontally ;  and  above  these  another  row,  consisting  of  six  or 
eight  similar  processes,  inclined  backward,  making  firom  fifty 
to  seventy  in  the  four  rows.  Each  process  bears  at  its  tip  an 
excessively  fine  immoveable  seta  of  about  its  own  length.  These 
processes  as  well  as  the  skin  itself  were  found  to  be  quite 
soluble  in  potass,  and  therefore  are  not  composed  of  chitine. 

The  ahmentary  canal  runs  in  a  straight  line  through  the 
whole  length.  The  mouth,  opening  on  the  rounded  front  of 
the  head,  and  surrounded  by  a  finely- plaited  and  indented  edge, 
leads  into  the  usual  oesophagus  with  very  thick  transparent 
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mnacalar  walls^  which  terminates  at  about  one-fourth  of  the 
body-length.  The  perforation  is  so  slender  as  to  be  detected 
only  while  a  morsel  is  in  the  act  of  being  swallowed.  The 
intestine  presents  nothing  remarkable,  except  that  in  its  yel- 
lowish granular  wall  containing  fat-cells.  Dr.  Schulze  thinks  he 
finds  a  hepatic  function.  The  body-cavity  is  occupied  by  a 
finely-granular,  soft  parenchyma,  the  corpuscles  scattered  in 
which  are  not  driven  to  and  fro  by  the  movement  of  the  body, 
in  which  therefore  a  somewhat  firm  consistence  is  inferred. 
No  trace  of  a  muscular,  nervous,  or  vascular  system  was  dis- 
covered, though  many  individuals  were  carefully  examined. 

The  animal  is  hermaphrodite.  A  great  ovary  lies  in  the 
posterior  half  of  the  body,  over  the  intestine,  in  the  hinder 
portion  of  which  are  contained  the  incipient  egg-germs,  con- 
sisting of  vesicle  and  speck,  which  are  developed  in  the  anterior 
portion,  becoming  surrounded  with  a  granular  yelk.  Generally 
one  or  two  eggs  are  found  freed  from  the  ovary,  enclosed  in 
a  special  soft  colourless  envelope.  In  front  of  these  mature 
ova  lies  the  spermatic  gland,  a  mulberry-like  mass  of  cells,  and 
close  to  it  two  groups  of  spermatozoid  germ-cells,  apparently 
unenclosed,  lying  free  in  the  parenchyma.  In  some  examples 
the  spermatozoids  were  developed,  but  showed  no  spontaneous 
motion. 

The  specimens  described  occurred  to  Dr.  Max  Schulze  in 
sea-sand  from  Cuxhaven,  with  Desmidece  and  Diatomacece. 
They  swam  with  a  gentle  gliding  movement,  like  the  Tv/rheU 
la/ria. 

Genus  V. — ^Echinodeea  {Dujardin) . 

Body  articulated;  set  with  few  bristles;  head  distinct; 
posterior  extremity  truncate,  with  two  short  processes,  and 
spines. 

Sp.  11.  E.  Dujardini  {Gosse).  (PI.  ii.  Fig.  16.)  As  the 
discoverer  and  describer  has  not  assigned  any  specific  name  to 
his  animal,  I  take  the  liberty  of  honouring  it  with  his  own. 
M.  Dujardin  obtained  the  form  in  July,  1841,  in  sea-water  from 
St.  Malo,  which  had  been  kept  for  six  months.  The  generic 
name,  signifying  "  spinous  neck,''  he  selected  to  show  its  rela- 
tions with  Echmorhyndpus,  The  body,  0'30  mm.  to  0*55  mm. 
(about  l-75th  to  l-50th  of  an  inch)  long,  is  oblong,  almost 
cylindrical  in  front,  a  little  flattened  behind,  where  it  terminates 
by  two  great  bristles,  accompanied  by  two  other  bristles  of 
smaller  size,  like  those  we  see  at  the  extremity  of  the  Oyclo^ 
pidoe.  The  body  is  composed  of  ten  segments,  without  count- 
mg  the  head,  which  is  retractile,  bristled  with  long  and  flexible 
spines,  and  without  counting  the  caudal  laminsa  (UiTnes)  which 
accompany  the  terminal  setce,  making  the  total  number  of  seg- 
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mentB  twelve.  The  first  segment  of  the  body  is  nmted  to  the 
second  by  a  simple  intersection ;  all  the  rest  are  separated  by 
a  homy  arch  very  distinct^  presenting  three  articulations  on 
the  plane  or  ventral  face^  viz.,  one  answering  to  the  axis,  and 
two  lateral,  between  the  edge  and  the  middle.  Each  segment 
encloses  the  next,  and  appears  laterally  armed  with  two  points 
or  spines  imbedded  in  the  rear.  It  is  covered,  or  simply  bor* 
dered  with  cilia,  extremely  fine,  not  vibratile,  and  very  diffictdt 
to  perceive. 

Under  the  first  or  the  second  segment,  according  to  the 
state  of  retraction  of  the  trunk,  we  perceive  in  the  interior  two 
red  oculiform  specks,  which  pertain  to  the  retractile  and  pro- 
tractile portion  of  the  digestive  apparatus.  To  the  extremity 
of  this  retractile  portion  extends  the  cBsophagus,  longitudinally 

})laited  in  the  interior,  and  furnished  in  fi'ont  with  a  coronet  of 
obes,  or  teeth,  which  represent  the  mouth.  The  membranous 
and  plaited  tube  of  the  oesophagus  is  covered  by  a  thick  mus- 
cular layer  {couche),  forming  a  cylinder  0'085  mm.  wide,  and 
0*092  mm.  long,  which  occupies  the  3rd,  4th,  and  6th  segments 
of  the  body,  and  which,  swollen  in  the  middle,  takes  the  form 
of  the  pharyngeal  bulb  of  some  worms.  The  stomach,  which 
succeeds,  is  cylindrical,  0*040  mm.  wide,  0'17  mm.  long,  and 
contracts  itself  from  the  front  backward  by  successive  waves : 
it  is  invested  with  a  brownish  floccose  layer,  which  appears  to 
represent  a  liver.  Finally,  a  slenderer  portion  of  the  mtestine 
occupies  the  tenth  segment,  and  terminates  between  the  two 
caudal  plates. 

M.  Dujardin  has  since  found  it,  on  repeated  occasions,  in 
sea- water,  on  oyster  shells,  etc.,  always  with  the  same  form  and 
characters,  without  ova  or  genital  organs.  ''  If  I  had  not  seen 
it,''  he  remarks, ^'always  alike  in  vessels  preserved  more  than 
a  year,  I  might  have  supposed  it  the  larva  of  some  animal  that 
held  escaped  my  researches.  Incomplete,  however,  as  are  my 
observations,  sher  having  vainly  sought  to  add  to  them  throngh 
ten  years,  I  believe  that  they  suffice  to  show  a  type  diSeriug 
from  those  of  the  Helminthes  acanthoc^phales,  the  Systolides 
or  Botifera,  the  Entomostraca  Copepoda,  and  the  Sipuncles,  and 
at  the  same  time  ofiering  points  of  resemblance  to  each  of  these. 
It  is  a  sort  of  Cofepode,  without  feet,  with  the  mouth  of  a 
Sifwncuhis,  and  the  neck  of  a  Echinorhynchus,  and  a  muscular 
oesophagus  like  those  of  the  SystoHdes  (Botifera)^  the  Tardi- 
grades,  and  the  Nematoid  Helminthes.'' 

Genus  VI. — Taphbocampa  {Oosse). 

Body  articulate,  destitute  of  hair;  posterior  extremity 
forked;  mouth  a  mastaxj  with  mallei  and  incus,  which  are 
incurved. 
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Sp.  12.  T.  annulosa  {Gosse).  (PL  i.  Pigs.  17—19.)  This 
species  and  genus  I  defined  in  the  Annals  of  Nat.  Hist  for  Sept. 
1851,  collocating  it  with  the  NotommatcR  and  Furculari€B,  but 
indicating  its  relations  with  Ghoetonotus.  It  occurred  to  my 
researches  in  a  pool  near  Leamington,  in  July,  1850.  Its  length 
is  about  1-1 10th  of  an  inch.  The  form  is  very  larvB-like;  the 
body  is  sub-cylindrical  or  fiisiform,  terminating  in  a  bifid  foot  j 
it  consists  of  many  rings  or  segments,  which  are  set  within  the 
clear  cylindrical  integument,  and  are  themselves  of  a  sub^square 
form,  with  projecting  angles.  Thus  a  transverse  segment  would 
present  the  appearance  of  Pig.  19 ; — a  structure  not  easily  ex- 
plained. I  could  see  no  appearance  of  vortices,  nor  even  the 
vibration  of  cilia ;  yet  the  form  of  the  mastax  is  Rotiferous,  and 
appears  closely  to  resemble  that  of  Furcfularia  gradUs  and  of  the 
Monocercmy  consisting  of  an  incus,  with  a  long  fulcrum  and  a 
pair  of  long  incurved  mallei.  The  animal  can  bring  the  tips  of 
the  jaws  to  the  front,  and  nibbles  extraneous  matters  with  them 
like  the  Notommatca,  eto.  A  long,  wide,  straight,  cylindrical 
alimentary  canal,  wil^out  any  accessary  glands  or  constriction, 
leads  &om  the  mastax  to  the  cloaca  just  above  the  forked  foot. 
It  was  in  this  specimen  nearly  empty,  slightly  tinged  with  yel- 
low. All  the  rest  of  the  animal  was  colourless.  No  eggs  ©!• 
ovary  were  visible.  At  the  occiput,  behind  the  mastax,  was  an 
opake  mass,  which  was  white  by  reflected  light,  but  showed  no 
redness  or  appearance  of  eye,  by  either  reflected  or  transmitted 
light.  Like  the  cerebral  ganglion  in  many  NotommatcBf  it  lay  at 
the  bottom  of  a  wide  deep  sac  (Pig,  18).  The  animal  contracts 
strongly  and  continually  like  Notommata;  but  the  sphere  of  the 
contraction  is  the  space  occupied  by  the  alimenta^  canal,  the 
parts  outside  the  boundary  lines  of  this  remaining  still,  while 
the  parts  within  retract  forcibly,  and  both  ways,  but  chiefly 
from  behind  forwards*  In  its  movements  it  resembles  Ohceto- 
noius,  crawling  sluggishly  about  the  glass  and  the  particles  of 
sediment.    I  never  saw  it  attempt  to  swim. 

The  number  of  genera  has  thus  been  increased,  since  Dr. 
Schulze  wrote  his  summary  of  the  family,  from  four  to  six,  and 
of  species  from  seven  to  twelve.  With  these  augmented  mate- 
rials it  seems  to  me  that  the  judgment  expressed  by  him  as  to 
their  a£5nities  must  be  somewhat  modified,  and  I  have  no  hesi- 
tation in  recurring  to  the  original  decision  of  Ehrenberg,  find 
in  placing  the  OhcBtonotidcB  among  the  EoimB»A.  Tortuous 
canals  and  a  contractile  vesicle  I  have  seen  in  (7.  laruSf  0, 
Slackioe,  and  Bos.  antenniger :  pancreatic  (?)  glands  in  CJ. 
Slackioi ;  ciliary  vortices  are  made  by  I?,  goniaihrix  and  D.  an^ 
tenniger,  not  to  be  distinguished  from  those  made  by  many 
BoTirsBA^  as  Furcularia,  JSotommata,  etc.    ^e  egg-develop- 
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ment^  the  great  size  of  the  egg^  and  its  chitinoos  shelly  are 
decidedly  Rotiferoua.*  A  great  cerebral  ganglion,  exactly  cor- 
respondmg  to  that  of  Notommata  aurita,  N,  tripus,  and  others, 
is  found  in  Taphrocampay  and  indistinctly  in  D.  antenniger. 
The  mastax,  so  eminently  characteristic  of  Botifera,  is  fnlly 
developed  in  Taphrocampa,  where,  however,  the  form  and 
extent  of  the  alimentary  canal  are  as  in  Choetonotus.  The 
furcate  posterior  extremity  is  not  a  tail  but  a  foot,  as  in  Bori- 
FEBA,  the  cloaca  opening  on  its  dorsal  side ;  it  is  not  indeed 
separately  moveable  even  in  Taphrocampa,  yet  its  homology 
with  the  foot  of  Notommata  cannot  be  overlooked ;  it  is  want- 
ing in  IhbrbaneUaj  Echinodera,  and  Dasydytes;  so  it  is  in  those 
true  BoTiFEBA,  Asplanchna  and  Anvrosa,  The  very  long 
attenuate  hairs  that  radiate  from  the  face  in  several  (perhaps 
in  all)  of  the  Ohoetonoti,  which  have  a  singular  power  of  indepen- 
dent vibration,  recal  the  very  similar  vibratile  set»  o{  Floscularia 
and  8tephanocero8  ;  and  possibly  the  little  hooked  organs  which 
I  find  on  the  froixi  of  0.  maaimua,  and  the  club-shaped  horns  of 
D.  antenniger,  may  have  a  parallel  in  the  frontal  hooks  of 
Melicerta. 

In  short,  if  Taphrocampa  has  a  true  affinity  with  Oh/Btonotus, 
there  can  be  no  question  that  the  family  belongs  to  the  Roti- 
l^BA.  It  is  true  there  are  important  diversities  between  these 
genera,  but  there  are  forms  which  bridge  the  hiatus.  Echino^ 
dera  seems  to  approach  closely  to  Taphrocampa,  but  Echinodera 
has  much  in  common  with  Dasydytes.  Turbanella  is  very 
peculiar,  yet  I  doubt  not  Schulze  is  right  in  allying  it  with 
Ohmtonotvs.  It  is,  doubtless,  a  group  whose  members  mani- 
fest gi*eat  diversity;  but  probably  there  remain  many  forms  to 
be  discovered  which  will  further  facilitate  transition  from  one 
to  another,  and  illustrate  its  exterior  relations. 

In  the  cilia-ring  on  the  head  of  Turba/nella  in  its  curious 
setiferous  lateral  processes,  in  the  form  of  its  head,  in  the  annu- 
lation  of  Echinodera  and  Taphrocampa,  and  in  the  long  hairs  of 
Dasydytes,  especially  the  terminal  tufts  of  D.  antenniger,f  there 
seem  to  be  some  strong  points  of  alliance  with  Ai^nelida,  and  I 
am  inclined  to  place  the  femily  on  the  border-ground  between 
these  two  great  classes,  the  Botifesa  and  the  Ai^nslida,  with 
a  preponderance  of  characters  belonging  to  the  former. 

*  The  relatiye  poeition  of  the  reproductive  and  the  digeetire  organB  is,  however, 
oontrarj  to  that  which  obtains  in  the  BoriFBSi. ;  in  wmch  the  mtter  are  dorsal 
the  former  rentraL 

t  I  beg  to  refer,  for  descriptions  and  figures  of  the  young  forms  of  some 
marine  Annelida,  to  my  Tenby,  p.  279,  and  Fl.  xy. 
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THE  FOUR-HOENED  TRUNK  FISH :  A  NATIVE 
OF  ENGLAND. 

BY  JOKATHAX  COUCH,  I.L.B.,  ETC. 

It  was  formerly  believed  that  the  fishes  of  this  remarkable  genus 
were  to  be  met  wibb  only  in  the  far  EaBt,  or,  at  least,  nowhere 
except  in  very  warm  climates ;  and  although  when  voyages  had 
become  tireqaent  along  the  coasts  of  Africa  and  India  several 
species  became  known  to  Uie  observers  of  Nature,  they  were  for 
a  long  time  regarded  only  as  strange  &eaks  of  Nature,  which 
might  add  a  new  intereBt  to  the  cabinets  of  the  cnrions,  but  of 
which  the  habits  and  distribation  over  the  globe  could  bo 
only  a  little  studied.  There  were  indeed  a  few  particulars 
about  them  in  which  naturalists  who  were  not  travellers  were 
fortunate ;  for  with  only  a  little  care  they  might  be  conveyed 
home  without  distortion  of  shape;  which  was  far  irota  being  the 
cose  generally  with  numerous  fishes  of  other  classes  that  were 
imported  into  England  from  the  same  regions — illustrations  of 
which  mar  be  seen  in  the  representations  of  the  fishes  of 
Amboina  in  the  work  of  Buysch,  entitled  Theatrum  omnium 
AnmaUwm ;  and  there  is  even  reason  to  believe  that  the  dis- 
tortions  inflicted  on  some  were  made  designedly,  for  the 
pnrpose  of  rendering  what  was  strange  and  remarkable,  stiU 
more  hideous  or  curious. 

Jonston  published  his  Natural  History  of  Fishes  and 
Whales  in  the  year  1649,  and  in  it,  under  the  name  of  Fisas 
triangularis,  he  has  given  a  figure  of  two  epecies  (Plate  45)  { 
but  there  is  no  reference  to  either  of  them  in  his  text.  It  is 
one  of  these,  however,  to  which  I  would  call  the  attention  of 
British  naturalists,  as  laying  claim  to  be  regarded  as  a  lately- 
discovered,  and,  of  coarse,  rare  visitor  to  our  own  shores — the 
evidence  of  which  will  be  presently  adduced,  but  concerning 
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wUch  Willongliby  appears  to  be  as  znnch  at  a  loss  aJB  Jonston ; 
for  although  He  gives  a  good  figure  of  it  in  his  Plate  I.  14^ 
under  the  name  of  Piacis  triangiuwru  oomutvs  Elwni^  he  sums 
up  all  he  knows  of  its  history  in  sayings  that  there  was  an 
example  in  the  Museum  of  the  Boyal  Society.  Linnaoos  appears 
to  notice  the  same  fish  under  the  name  of  Ostradon  quadrieornis; 
but  even  in  his  da^  he  supposes  the  whole  genua  to  be  oonfiiied 
to  the  seas  of  India.  And  that  any  of  them  should  be  found 
in  Europe  wafll  not  expected^  until  the  researches  of  Bisso  led 
naturalists  to  understand  that  a  few  examples  which  belonged 
to  two  species  had  come  within  his  notice  in  the  neighbour- 
hood of  Nice.  These  are^  Ostradon  cubieus,  Lin.^  and  0.  tri- 
gonusy  Lin. ;  and  this  writer  assures  us  of  the  certainty  of 
what  he  relates  concerning  them^  although  he  appears  to  have 
been  prepared  for  the  incredulity  with  which  his  statement 
would  be  received  by  many  naturalists.  A  third  species  seems 
to  be  hinted  at  by  Dr.  U-ulia  in  his  Tentamen  Ichthyologice 
MelUensis  (p.  40  of  the  Viscorso  8u}la  Ittioloffia) ;  but  as  no 
description  is  given^  and  it  had  not  come  under  his  own  inspec- 
tion^  we  are  not  at  liberty  to  refer  it  to  the  species  presently  to 
be  described.  But  the  question  is  of  no  small  interest  oon- 
oeming  the  authority  on  which  we  claim  for  our  own  the 
example^  of  which  we  give  a  figure  taken  from  the  specimen; 
and  to  this  the  reply  is  short  and  precise.  The  first  intimation 
of  the  alleged  tict  of  the  capture  on  our  coast  of  an  exan^ple  of 
the  four-ihomed  trunk  fish^  was  received  from  Robert  liakeaj 
Ssq.j  of  St.  Austle — ^himself  a  well-known  naturalist,  although 
chiefly  in  the  department  of  ornithology — ^and  as  regards  vera<- 
eity  he  is  beyond  a  doubt.  8o  curious  a  fact  as  the  taking  this 
fish  on  the  coast  of  Cornwall,  could  not  fail  to  lead  to  further 
inquiry  i  in  reply  to  which,  the  fish  itself  was  sent,  with  the 
information  that  it  had  been  obtained  from  a  fisherman  of  Me- 
vagissev,  on  the  south  coast  of  Cornwall,  and  that  this  man 
affirmed  he  had  taken  it  in  a  net  at  some  rather  considerable 
distance  from  land ;  and,  it  was  added,  that  this  fisherman  was 
oonsidered  to  be  of  sufficient  credit  to  warrant  the  belief  t^at 
the  information  he  gave  might  be  relied  on.  It  appears  certain 
that  this  individual  could  not  have  been  influenced  by  any 
motives  of  gain  in  the  information  he  gave  about  this  fish,  for 
the  remuneration  given  him  was  slight,  if,  indeed,  he  received 
any  reward  whatever.  It  was  elicited  also,  on  further  inquiry, 
that  a  fish  exactly  similar  had  been  taken  about  two  years 
before  this  by  a  man  of  the  same  place. 

The  character  of  this  genus  of  fishes  is,  that  the  head  and 
body  are  covered  with  regularly-formed  bony  plates,  which  are 
united  together  in  such  a  manner  as  to  form  a  crust  or  unbend- 
ing shell  like  a  coat  of  armour,  from  which  structure  they 
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derive  their  name ;  axid  the  only  moveable  parts  are  the  mouth 
and  lips^  a  slight  border  to  the  slit  which  constitutes  the  open- 
ing of  the  gills,  the  fins,  and  tail  with  its  base  or  joint.  There 
are  real  teeth  in  the  jaws ;  dorsal  and  anal  fins  single  and  far 
behind,  but  no  yentrals.  As  the  firmness  of  the  crust  does  not 
allow  of  motion  in  the  body,  the  flexibility  of  the  joints  of  the 
back-bone  is  unnecessary,  and  therefore  they  are  united  into 
one. 

The  length  of  the  specimen  is  ten  inches,  of  which  the  crust 
measures  seven  inches  and  seven-eighths;  the  height  three 
inches  and  three-eights  where  deepest.  The  head  slopes  sud- 
denly firom  the  eyes.  The  general  form  compressed,  sharp  along 
the  back,  flat  and  wide  on  the  belly ;  the  section  of  the  shape, 
therefore,  triangular.  Eyes,  in  front,  elevated ;  and  above  each 
a  prominent  ridge,  from  which  projects  forward  in  a  slight 
curve  a  stout  spine — the  pair  resembling  horns.  The  snout 
projects  a  little,  mouth  small,  lips  covering  a  row  of  conical 
teeth — ^the  upper  row  eight,  below  six,  as  for  as  they  can  be 
counted.  Gill  openings,  a  perpendicular  slit.  The  back  rises 
in  a  ridge  firom  between  the  eyes,  and  slopes  down  again 
toward  the  dorsal  fin ;  and  about  an  inch  and  a  half  before  this 
fin  is  a  small  elevation — ^the  fin  itself  narrow  at  the  root,  but 
extended.  Anal  fin  farther  back,  nearer  the  tail  than  the 
dorsal.  A  prominent  spine  posteriorly  on  each  margin  of  the 
flattened  under-surface,  from  which  the  thin  border  rises  to 
the  place  where  the  moveable  oaudai  portion  protrudes  from 
the  case  in  a  straight  rudder,  ending  in  a  caud^  fin — ^the  ends 
of  which  in  this  example  are  injured,  The  head  and  body  are 
covered  with  hexagonal  plates,  marked  in  lines  round  a  raised 
centre.  The  pectoral  &sx  narroWt  Colour,  yellowish-brown, 
but  obviously  faded. 
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The  Side'fruUmg  Mosses. 


1.  Fontixialii  antipyretica  (nat.  size). — 2.  Stem-leaf. — 8.  Fruit.**4.  Ferich«etial 

Leaf  (mag.) 

THE  SIDE-rEUITING  MOSSES. 


BY  H.   0.   CAMPBELL. 


{WUhamlUMHraiion.) 


HiTHEBTO  we  have  treated  only  of  the  Acrocarpons^  or  tenninal- 
fimitiDg  moBses^  and  though  we  have,  from  want  of  space^  left 
unnoticed  many  of  the  most  beautiful  of  that  section^  as  the 
BryuTns,  MuiuTns,  Sphagnums,  etc.,  some  of  which  we  may 
describe  hereafter^  we  purpose  to  devote  this  pi^er  to  the 
Pleurocarpi,  or  side-fruiters^  and  of  these^  the  three  Fontinaleaej 
or  water-mosses^  fruiting  in  June  and  July^  have  a  fructifica- 
tion eminently  microscopic:  indeed^  so  buried  is  the  fruit 
within  the  leaves  of  the  perichastium,  which^  like  a  large  imbri- 
cated^ persistent  calyx^  conceals^  and  appears  almost  to  smother^ 
the  little  seed-bearing  urn  which  nestles  within  it,  that  any 
one  unfurnished  with  a  tolerable  lens  might  well  be  excused 
for  pronouncing  them  barren,  even  when  rich,  as  they  fre- 
quently are,  at  the  lower  part  of  the  elder  stems,  with  little 
branchlets  bearing  numerous  immersed  capsules. 

The  FontinaleaB  are  pleurocarpous  perennial  mosses,  growing 


The  SidS'firuiUng  Mosses.  411 

in  water^  cliiefly  in  Tiynlets^  where  their  rooting  base  attaches 
itself  to  stones  or  stumps  of  trees^  and  the  rest^  i.  e.,  the  stem 
and  branches^  float  hither  and  thither  with  the  stream^  like  so 
much  yegetating  hair;  being  weak^  flexible^  and  somewhat 
fraffile^  and  the  lower  part  of  the  stem  being  nnde^  or  almost 
nuae  of  leaves ;  the  cellular  tissue  apparently  absorbed  in  the 
vascular  to  strengthen  the  lower  part  of  the  stem  and  the 
fibres  of  the  root,  by  which  it  holds  its  place  upon  whatever 
object  they  have  grasped.  They  bear  a  dioicous  inflorescence 
with  lateral  flowers  inserted  among  the  leaves,  but  neither  they 
nor  the  branches  are  strictly  axillary  in  Fontinahs  as  in  most 
other  mosses,  but  are  inserted  a  httle  higher  up  than  the 
axiUsd  of  the  leaves,  and  sometimes  even  at  the  side  of  the  next 
leaf  above.  And  here  we  do  not  think  we  can  do  better  than 
quote  a  passage  fix)m  Mr.  Wilson ;  he  says  : — 

''During  the  development  of  the  fruit,  the  gemmiform 
flower  is  enlarged  and  elongated,  and  becomes  a  perichaatial 
branch,  the  perichaDtium  being  composed  of  about  four  spires 
of  imbricated  leaves,  distinguishea  from  the  stem  leaves  by 
their  larger  dimensions  and  more  firm  texture,  closely 
applied  to  the  young  capsule  and  torn  to  shreds  as  it  swells  to 
its  full  size ;  they  are  inserted  so  high  up  that  the  vaginula  in 
this  genus  seems  to  be  almost  wanting  as  a  distinct  organ,  the 
upper  part  of  the  ramulus  serving  that  office.  The  curious  and 
extremely  beautiful  peristome  should  be  examined  in  a  recent 
state,  before  the  lid  is  fallen  away,  in  order  to  see  it  in  perfec- 
tion. If  fine  transverse  sections  of  the  somewhat  unripe  fruit 
are  placed  luider  the  microscope,  the  structure  of  the  peristome 
will  be  most  advantageously  exhibited,  and  its  exqmsite  sym- 
metry will  much  interest  the  observer.^' 

We  have  preferred  thus  giving  the  words  of  another,  lest 
our  own  should  be  accused  of  enthusiasm.  The  genus  derives 
its  name  from  its  aquatic  nature. 

Fonimalis  antipyretica,  or  the  greater  water-moss,  of  which 
we  give  an  illustration,  with  the  fruit,  and  a  stem-leaf,  and 
perichaBtial  leaf  magnified,  is  the  frequent  inhabitant  of  our 
ponds  and  streams,  with  stems  a  foot  long  or  more,  and  much 
subdivided,  alike  carpeting  the  home  of  stagnant  waters, 
waving  in  the  mountain  streamlet,  covering  the  stones  in  arti- 
ficial waterfalls,  or  dancing  in  the  mill-race ;  in  fine,  growing 
wherever  a  stone  is  submersed  in  pond  or  lake,  and  there 
becoming  the  abode  and  the  sustenance  of  numerous  paludinae, 
etc.  The  leaves  are  widely  ovate,  acuminate,  or  ovate  lanceo- 
late, sharply  keeled,  almost  doubled,  or  complicate,  and  with 
the  peculiarity  of  having  all  the  leaves  of  the  same  branch  with 
the  margins  refiexed  on  the  same  side,  whether  right  or  left, 
the  other  margin  being  plain.    They  often  split  down  the 
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middle  along  the  keel^  and  then  the  half  leaves  look  like  the  whole 
leaves  of  the  next  speoiea,  F.  squamoia.  They  are  of  a  yeU 
lowish-green  when  young;  oUve  or  lurid  gpreen  when  old; 
entire  or  obscorely  denticulate  at  the  apex^  placed  in  a  trifari- 
ous  manner  upon  the  stem^  and  nerveless.  The  periohcetial 
leaves^  as  will  be  seen  in  the  illustration^  are  obtuse  and 
jagged  at  the  apex>  The  capsules  are  sparingly  produced, 
except  on  the  lower  part  of  the  older  branches,  where  they  are 
numerous,  each  one  immersed  in  its  closely-sheathing  peri- 
chaatium,  and  having  the  lid  alone  protruded,  till  it  falls  off, 
when  the  blood-i^d  peristome  appears  like  a  minute  circlet, 
fringing  the  tip  of  the  little  oval  bundle  formed  by  the  capsule 
and  perichaatisl  envelope.  The  peristome  is  double,  the  outer 
one  consisting  of  sixteen  equidistant,  linear-subulate,  very  long 
teeth,  much  trabeculated  internally,  and  cohering  at  the  apex 
in  pairs;  the  pairs  tortuous  and  incurved  when  dry,  erect 
below  and  spreading  in  the  upper  half  when  moist ;  the  inner 
peristome  is  a  beautifiilly  tesselated  cone,  coloured  like  the 
outer  teeth,  with  sixteen  salient  angles  and  the  same  number 
of  vertical  filiform  cilia,  united  together  by  numerous  hori. 
zontal  cross-bars,  and  ''  elegantly  studded  internally  with  pro* 
jecting  spurs,''  the  remains  of  the  fractured  cellules  whose 
rupture  has  set  it  free.  The  lid  is  narrowly  conical,  acute,  half 
as  long  as  the  capsule,  and  wears  a  oalyptra  of  nearly  the  same 
size  and  shape.     The  spores  are  small  and  greenish. 

The  name  antipyretica  was  given  to  this  species  by  Inn-* 
nffius  in  allusion  to  its  being  employed  by  the  Swedes  as  an 
'' insurance  against  fire ;''  for  the  moss  possessing  the  peculiar 
property  of  not  being  inflammable,  they  fill  up  with  it  the  spaces 
between  the  chimney  and  the  walls  of  theur  houses,  by  which 
the  both  exclude  the  air  and  guard  against  accidents  by  fire. 

There  are  two  varieties  of  this  moss,  the  one  we  figure  was 
culled  from  Longfords  Lake,  near  Avening,  in  Gloucestershire, 
in  the  year  1857.  Its  stems  are  red  and  shining,  showing 
between  and  through  the  leaves,  their  graceftil  curvatures 
making  the  leaves  appear  somewhat  distant.  In  that  lake  two 
varieties  grew,  as  it  were,  side  by  side,  one  more  robust,  the 
other  more  slender,  with  less  complicated  leaves,  and  with 
fasciculated,  not  spreading  branches. 

FonUnaUs  squamosa,  or  the  Ahpme  water^moss,  has  still 
shorter  stems,  with  n^ore  crowded,  slender,  fasciculated 
branches,  and  crowded  leaves  of  a  dark  lurid  green,  which  are 

*  To  th«  twinUing,  twitching  moTflmeiit  m  the  p«rtLolei  of  ehloFophyll  in  tht 
oeUnlas  of  F,  anHpj/r$ticaf  AUiuioii  is  mftda  in  tho  Auy  niunbcor  of  ihii  joomal,  «| 
p.  271.  The  same  moleouUr  motion  is  often  reiy  conspicuous,  under  tb« 
microscope,  in  the  foliage  of  water,  or  moisture-loring  plants  especially,  as  the 
Spha^ni,  Junffermamiuty  eto.,  inhabitants  of  wet  and  mmiy  places. 
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rounded,  not  keeled  at  the  back  as  in  anUpyretica,  concave  and 
erecto-patent,  glossy  when  dry,  lanceolate,  or  ovate-lanceolate, 
only  hedf  as  wide  as  in  the  ppeoeding  species,  nerveless,  and 
entire,  but  the  margin  never  reflexed,  while  the  periohaatial 
leaves  are  also  narrower,  and  Bubserrulate  at  the  apex.  The 
capsule  and  peristome  bear  considerable  resemblance  to  those 
of  F,  antipyretiaa,  from  which,  however,  the  plant  may  always 
be  distinguished  by  its  smaUer  and  concave,  not  carinate  leaves 
of  a  lurid  green,  its  more  slender  stems,  and  more  numerous 
fasciculate  branches.  It  inhabits  mountain  rivulets,  but  is  not 
generally  found  bearing  fruit. 

The  briatly  water-moss,  Diehelyma  eapiUaoeum,  is  also  an 
inhabitant  of  Alpine  rivulets,  but  very  rarely  met  with,  its  only 
undoubted  European  haunt  seeming  to  be  the  province  of 
Westermann,  in  Sweden,  though  it  was  once  supposed  to  have 
visited  Loch  Awe.  In  British  North  America  Mr.  Drummond 
is  said  to  have  encountered  it  in  abundance,  an4  we  give  a 
brief  description  of  it  in  hopes  that  some  enterprising  Scottish 
tourist  may  immortalize  his  name  by  drawing  it  forth  from  the 
custody  of  some  Highland  loch  or  streamlet,  where  its  slender 
stems  may  be  hidden  by  the  multitude  of  other  organisms  that 
are  striving  for  existence  within  its  waters, 

IHchelyma,  named  from  ^ix/'^j  ^  divide,  or  be  divided  .into 
two  pa/rii,  and  sX&M^y,  cm  envelope  or  covering,  in  aUusion  to  the 
calyptra  being  cloven,  has  slender,  rather  rigid  and  brittle 
stems,  varying  from  three  to  six  inches  in  length,  the  branches 
few  and  widely  spreading,  either  secund  or  stretching  in  two 
directions  ,*  with  leaves  more  or  less  crowded,  slightly  falcate, 
erecto-patent,  secund,  subulato-setaceous,  carinate,  of  a  dull 
green,  but  glossy  when  dry,  the  nerve  much  excurrent,  and 
mrming  the  upper  attenuated  portion  of  the  leaf,  which  never 
becomes  flaccid,  scarcely  alters  in  drying,  and  in  allusion  to 
which  the  term  eapUlaceimi,  or  bristly,  ib  applied  to  this  species. 
The  areola  are  narrow  and  elongated,  the  perichaotial  leaves 
very  long,  convolute,  nerveless,  and  overtop  the  capsule,  which 
is  pedicellate,  of  thin  texture,  and  shortly  oval  form,  with  a  wide 
mouth  destitute  of  annulus,  and  a  conical  or  rostellate  lid, 
which  is  large  in  proportion  to  the  capsule ;  the  peristome  also 
is  large,  the  outer  teeth  of  a  tawny  red,  granulated,  almost 
linear,  perforated  along  the  medial  line  with  from  twelve  to 
fifteen  articulations,  but  frag^e  and  fugacious ;  the  inner  peris- 
tome is  composed  of  sixteen  still  narrower  articulated  cilia,  per- 
forated like  the  teeth,  which  however  they  exceed  in  length, 
have  from  fifteen  to  twenty  joints,  are  marked  with  a  medial 
line,  papillose,  of  an  orange«red  colour,  and  free  except  at  the 
summit,  where  they  are  united  by  a  few  cross-bars.  The 
spores  are  small,  and  the  inflorescence  is  dioicous. 
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We  now  turn  to 

THB  HYFKA,  OR  P£ATHBS-MOSSES, 

a  genns  bo  abundant  in  our  isles  that^  according  to  some 
authors^  they  compose  one-fifth  of  our  whole  vegetation.  They 
have  a  lateral  fructification^  with  cemuous  curved  capsules  on 
long  fruit-stalkSj  bearing  a  dimidiate  calyptra^  and  having  a 
double  peristome ;  the  outer  of  sixteen  equidistant^  lanceolate- 
acuminate  teeth^  trabeculated  on  the  inner  side^  reddish-brown 
or  yellowish ;  the  inner  peristome  is  formed  of  a  membrane 
divided  halfway  down  into  sixteen  carinate  processes  alternating 
with  the  outer  teeth^  and  having  intermediate  cilia^  which  are 
sometimes  solitary^  sometimes  two  or  three  together.  The  lid 
is  conical^  and  more  or  less  obliquely  rostrate  from  a  hemis- 
pherical base. 

The  species  are  all  perennial^  and  grow  in  almost  every  kind 
of  locality ;  but  vary  much  in  ^ize^  in  habit^  in  the  mode  of 
vegetation^  the  form  of  their  leaves^  and  the  position  of  their 
flowers.  The  generic  name  is  derived  from  iirvo^,  sleep,  which 
tells  of  the  use  formerly  made  of  it ;  and  even  now^  a  pillow 
Btu£fed  with  dried  hypnums  is  by  some  thought  to  promote 
sleep  as  much  as  a  pillow  of  hops.  They  ripen  their  capsules 
chiefly  in  the  winter  months ;  but  some  come  to  perfection  in 
the  spring,  and  several  during  the  summer.  As  space  would 
utterly  fail  us  to  notice  half  the  members  of  this  extensive 
genus,  we  will  restrict  ourselves  to  briefly  describing  those 
which  fruit  during  July  and  August,  and  making  a  few  remarks 
upon  some  others  of  which  we  may  have  auything  new  to  relate, 
either  as  to  loc^>lity,  season  of  fruiting,  etc.,  etc. 

Hypnum  delicatulum,  then,  the  delicate  feather^mossy  fruiting 
in  July  and  August,  has  a  pinnatifiedstem,  erect  or  decumbent, 
clothed  with  branched  villi,  or  little  green  jaffged  processes, 
which  cover  the  stem  among  the  leaves,  which  leaves,  in  this 
species,  are  of  a  yellowish  green,  cordate  acuminate,  somewhat 
plicate,  reflexed  in  the  margin,  minutely  toothed  in  the  apex, 
below  which  the  rather  broad  nerve  ceases,  beautifrilly  muricated 
with  little  shSrp  prominences  all  over  the  bax^k,  and  even  crested 
with  them  on  the  keel.  It  gives  off  short  attenuated  branches, 
which  are  often  recurved  and  taking  root  at  the  extremity. 
The  perichsBtial  leaves  are  entire,  not  fringed,  pale,  erect,  and 
lanceolate.  The  fruit-stalk  is  smooth,  of  a  pale  reddish  colour, 
and  an  inch  or  more  in  length ;  the  capsule  oblong,  curved,  of 
a  pale  brown,  with  a  conical-acuminate  lid  half  as  long  as  the 
capsule,  and  covered  by  a  yellowish  calyptra.  Its  habitats  are 
limestone  rocks  and  chalk  hills.  We  have  met  with  it,  in  com- 
pany with  H.  tamariscinum,  on  the  Cotteswold  range  in  Glou- 
cestershire. 


Ths  Side^fruUing  Mosses.  415 

This  moss  lias  often  been  confounded  with  H.  tamariscinum, 
but  its  foliage  is  of  a  mach  paler  hae^  more  closely  muricated, 
more  acutely  pointed,  the  capsules  of  a  pale  brown  instead  of 
purplish  red  as  in  tamariscinum,  and  the  lid  short;  whereas  in 
tamariscinum  it  is  rostrate^  with  a  long  beak.  The  aspect  and 
season  of  fruiting,  too,  are  different  j  R.  tamariscinum  being 
proliferous  with  innovations,  the  lower  parts  of  which,  as  well 
as  of  the  stem,  are  bare  of  branches,  and  it  ripens  its  capsules 
in  November. 

The  ostrich'plums  feather-moss,  Rypnum  Orista-Oastrensis, 
is  a  large  and  handsome  species,  fruiting  in  July  and  August, 
and  producing  stems  from  three  to  four  inches  in  length,  closely 
pectinated  with  crowded  branches,  about  half  an  inch  long,  and 
slightly  recurved.  The  foliage  is  yellowish  and  glossy,  the 
stem-leaves  are  ovate  acuminate,  and  circinnato-secund ;  those 
of  the  branches  lanceolate-acuminate,  still  more  circinnate,  dis- 
tinctly plicate,  and  having  a  recurved  margin  and  serrulated 
apex.  The  perichaetial  leaves  are  erect,  but  striated.  The  cap- 
sule is  of  a  reddish  brown,  curved  and  cemuous,  on  a  fruit- 
stalk  of  more  than  an  inch  in  lengthy  and  having  a  conical 
pointed  lid. 

This  beautifril  moss  is  a  lover  of  mountainous  districts;  and, 
though  rare  with  us,  is  abundant  in  the  fir  forests  of  Switzer- 
land ;  it  is  also  found  plentifully  in  some  localities  in  Scotland, 
near  Loch  Awe,  in  Argyleshire;  and  Ben  Voirlich,  Hill  of  Kin- 
noul,  near  Perth,  Ben  Lawers,  etc.,  have  been  given  as  its 
localities,  and  we  have  ourselves  most  unexpectedly  met  with 
it  on  several  parts  of  the  Cotteswold  range  of  hills  in  Gloucester- 
shire. 

Another  inhabitant  of  the  mountain,  where  its  shining 
yellow  flakes  adorn  the  inclined  faces  of  shady  rocks,  is  the 
elegant  little  Rypnum  demissum,  or  prostrate  rock-feaiher-' 
moss,  extensively  spreading  its  prostrate  filiform  stems,  which 
are  weak  and  flaccid,  and  all  stretch  out  in  one  direction  without 
interlacement,  and  bearing  but  few  branches,  which  are  short, 
slender,  and  of  a  reddish  colour.  The  leaves  are  elliptic-lanceo- 
late, entire,  with  a  reflexed  margin,  loosely  imbricated,  slightly 
spreading,  somewhat  secund  upwards,  and  with  narrow  elon- 
gated areoles.  The  perichestial  leaves  are  erect  and  lanceolate ; 
the  very  slender  fruit-stalk  is  smooth,  reddish,  and  about  half 
an  inch  in  length,  bearing  the  small,  horizontally  cemuous, 
pale  brown  capsule,  whose  lid  has  a  long  slender  beak ;  and  the 
capsule  becomes  contracted  beneath  the  mouth  in  drying. 
Groma^loun  Mountain,  near  the  Upper  Lake  of  Killamey,  and 
near  Glengariff,  beland,  also  near  Beddgelert,  North  Wales, 
are  given  as  its  habitats. 

A  fruiter  in  June  and  July  is  Rypnum  incurvatum,  or  the 
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incwrved  feather ^moss,  which  grows  in  darkish  green  patches 
on  walls  and  stones  in  shady  situations^  chiefly  in  limestone  dis- 
tricts. It  has  creeping  sterns^  more  or  less  pinnatified^  with 
depressed  branches^  which  however  curve  upwards  at  the  top^ 
and  the  leaves  all  bend  upwards.  They  are  ovate^lanceolate^ 
acuminate^  entire^  and  two-nerved  at  the  base ;  the  capsule  is 
shortly  ovate^  oernuous,  rather  small^  with  a  distinct  annulus^ 
and  a  shorty  acutely-conical  lid.  The  inflorescence  is  monoicous^ 
and  the  inner  peristome  furnished  with  ciha. 

Hypnum  pulehellum,  the  neat  mowntain  feaiher-moss,  or^  as 
its  distinctive  scientific  appellation  signifies^  the  UttU  beoMty^ 
has  also  a  monoicous  inflorescence,  and  ripens  its  capsules  in 
June  and  July.  It  may  be  found  on  shady  rocks  in  hilly  dis- 
tricts^ and  at  the  roots  of  trees  by  rivulets^  where  its  tiny 
branches^  scarcely  half  an  inch  long^  usually  compressM^ 
crowded^  fastigiate>  and  more  or  less  erect^  form  dense  green 
glossy  tufts,  with  leaves  almost  distichous,  or  two-ranke^  but 
rather  crowded  and  assurgent,  gradually  tapering  from  the  base 
to  an  acute  point ;  entire  and  usually  nerveless.  The  perichsB- 
tial  leaves  are  erect ;  the  reddish  fruit-stalk  not  an  inch  long^ 
and  inserted  near  the  base  of  the  fertile  branch  among  the 
roots ;  its  capsule  oblong,  curved,  of  a  pale  browuj  suberect, 
with  a  short,  yellowish,  conical  pointed  kd ;  tapering  into  the 
fruit-stalk  at  the  base>  and  contracted  below  the  mouth 
when  dry. 

Hypnum  Muhlenbechii,  MShlenhecVs  Alpine  feather^fnosSf  in-* 
habits  Alpine  rocks,  fruits  in  July,  and  grows  in  dense  green 
tufts,  which  are  glossy  when  dry,  half  an  inch  or  less  in 
height,  suberect  and  brittle,  with  fasciculate  drooping  branches 
a  quarter  of  an  inch  long ;  the  leaves  subcomplanate,  subcordate, 
acuminate,  evidently  serrulate,  of  firm  texture,  and  either 
nerveless,  or  faintly  two-nerved  at  the  base.  The  fruit-stalk 
is  reddish,  less  than  an  inch  long,  and  the  capsule^  which  is  at 
first  yellowish,  ripens  into  a  ptde  brown,  is  oblong  in  form^ 
taperinff  at  the  base,  somewhat  inclined,  slightfy  curved, 
striated  when  dry,  and  covered  with  a  short  conical  lid.  The 
inflorescence  is  monoicous. 

In  woods,  on  hedge-banks,  and  in  moist  rocky  places^  may 
be  found  the  prostrate,  sparingly-branched  stems  of  Hypwam 
dendculatum,  or  the  sharp  flat4eaved  feather-moss,  which  ftuits 
during  the  summer,  and  has  subfasciculate  branches  arising 
from  the  base  of  the  stem,  whence  also  the  fructification  pro- 
ceeds ;  the  leaves  are  complanate,  glossy,  of  a  light  green^ 
obliquely  ovate,  acuminate,  two-nerved  at  the  base^  t^e  lower 
half  of  tike  margin  recurved,  sometimes  serrulate  at  the  apex ; 
the  fruit-stalk  is  about  an  inch  long,  reddish,  and  the  capsule^ 
more  or  less  tinged  with  red^  has  an  acutely  conical^  but  not  a 
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beaked  lid ;  the  outer  teeth  are  reddish  brown^  and  the  in- 
floresoence  is  monoicous. 

On  Ben  Lawers^  the  favoorite  haunt  of  some  of  our  rarer 
mosses^  may  be  found  fruiting  in  August,  the  rare  species, 
Hypnum  Halleri,  Haller^s  feather^moss*  It,  too,  has  a  creeping 
stem  and  monoicous  inflorescence,  but  grows  in  dense  brownish 
patches,  with  short  erect  branches,  crowded  towards  the  in*- 
terior  of  the  tuft,  the  leaves  crowded  and  much  recurved, 
roundish  ovate,  shortly  acuminate,  minutely  denticulated, 
slightly  reflexed  at  or  near  the  basal  margin,  sometimes  nerve- 
less, sometimes  two-nerved  at  the  base,  the  areolae  oblong  and 
Uniform,  somewhat  larger  than  in  JST.  polymorphvm^  which  this 
species  resembles  in  size.  The  fruit-stalk  is  above  half  an  inch 
in  length,  with  erect  perichsetial  leaves  and  a  curved  cemuous 
capsule,  covered  by  a  yellow,  bluntish  conical  lid« 

Hyprvwm  polyjnorplvwm,  or  the  dma/rf  starry  feather-moss,  is 
one  of  the  smaller  kinds  not  generally  distributed,  but  forming 
the  minute  adornment  of  waUs,  rocks,  and  banks  in  limestone 
districts.  It  was  found  near  Edinburgh,  by  Dr.  Oreville ;  on 
declivities  near  the  Menai  quarries,  by  Mr.  Wilson;  on  lime- 
stone rocks,  near  Castle  Howard,  in  Yorkshire,  and  on  the 
ruins  of  Eirkham  Abbey,  by  Mr.  Spruce  *,  and  we  have  repeat- 
edly met  with  it,  richly  fruited,  in  various  locaUties  in  Glouces- 
tershire. It  ripens  its  capsules  in  May  and  early  in  June,  but 
we  mention  it  here  because,  as  far  as  we  know,  Oloucestershire 
has  not  yet  been  named  as  possessing  it,  though  it  grows^ 
freely  fruiting,  in  two  or  three  places  on  the  Cleeve  Hill,  about 
three  or  four  miles  from  Cheltenham,  and  also  in  the  neigh- 
bourhood of  Minchinhampton,  beyond  Stroud. 

It  has  a  procumbent  stem,  with  simple  slender  erect 
branches,  with  rather  crowded  spreading  leaves,  somewhat 
squarrose,  but  secund,  cordate,  or  ovate-lanceolate;  in  some  of 
the  leaves  rather  suddenly,  and  in  all  much  acuminated,  entire 
and  nerveless.  The  capsule  is  oblong,  curved  and  cemuous, 
with  a  conical  lid,  and  the  inflorescence  is  monoicous. 

Hypnum  plicatum,  or  the  plaited  fea^her-moss,  too,  we  met 
with  on  the  23rd  of  April,  this  year,  on  the  side  of  a  stone  wall, 
and  near  its  base,  at  the  summit  of  Leokhampton  Hi]l,  overlook- 
ing the  valley  of  the  Severn.  There  was  a  quantity  of  the  moss, 
but  only  one  solitary  capsule,  and  that  over-ripe,  so  that  it  had 
lost  both  calyptra  and  lid.  It  has  procumbent,  irregtilarly 
branching  stems,  the  branches  incurved,  elongated,  and 
ascending;  the  stem  tomentose,  with  short  branched  leafy 
processes ;  the  leaves  imbricated,  almost  appressed  in  the  dry 
state,  yellowish,  rather  glossy,  ovate,  much  acuminated,  or 
tapering,  more  or  less  secund,  and  plicate,  with  narrow  elon- 
gated areolss;  the  perichaotial  leaves  are  pale  and  glossy^ 
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smooth  and  erect,  but  slightly  recurved  at  the  apex ;  the  fruit- 
stalk  slender,  smooth,  reddish,  scarcely  half  an  inch  long,  and 
bearing  a  small,  ovate-oblong,  dull  reddish-brown  capsule;  the 
peristeme  pale  yellowish,  and,  probably  from  being  over-ripe, 
imperfect ;  but  the  presence  of  this  one  capsule  is  sufficient  to 
establish  the  hitherto  doubtful  season  of  fruiting,  which  we  are 
inclined  to  fix  for  the  end  of  February  or  early  in  April ;  and 
the  lofty  head  of  Ben  Lawers,  in  Perthshire,  can  no  longer 
claim  to  be  the  only  British  nurse  of  the  species. 

On  the  authority  of  Dr.  Beach,  Leckhampten  HiU  also 
possesses  near  its  summit  Cylindrothecium  Montagnei,  Mon^ 
tagne's  cylinder 'moss,  another  of  the  pleurocarps,  for  which 
Ben  Lawers  is  famed.  And,  on  the  same  authority,  Glima- 
dum  dendroides,  Hooker  and  Taylor's  Hypnum  dendroides, 
the  marsh  tree-moss,  is  to  be  found  in  a  marsh  at  Puckham 
Scrubs,  about  four  or  five  miles  from  Cheltenham.  This 
species  was  named  Climacium  by  Weber  and  Mohr,  fi'om 
KXlfMO^f  a  stainr  or  ladder,  in  allusion  to  the  barred  appearance 
of  the  inner  peristome ;  not  only  in  its  tree-Hke  aspect,  but  in 
several  other  particulars  it  differs  from  the  Hypnums  proper. 

The  shrubby  Thamnium,  or  Isothedum  ahpecwrumy  the/oaj- 
tailfrond-moss,  with  its  miniature  tree-like  form,  and  dendroid 
stem,  naked  below,  may  be  found  in  Gloucestershire,  but  in 
vain  shall  we  look  there  for  the  capsules,  either  in  October,  as 
given  by  Hooker,  or  in  November,  as  given  by  Wilson,  for  its 
fruiting  season ;  the  writer,  however,  met  with  some  square 
yards  of  ground  at  the  foot  of  a  fir-tree  grove,  at  the  head  of 
Longfords  Lake,  near  Avening,  covered  with  it  in  luxuriant 
profusion,  and  freely  fruiting,  January  the  21st,  1858,  some 
specimens  having  twenty-five  and  more  capsules,  some  of  them 
having  their  oblique  long-beaked  lids  still  on,  while  others 
had  dropped  their  lids,  and  were  exhibiting  their  pale  double 
peristome,  very  like  that  of  a  Hjrpnum,  to  which  genus  it  was 
formerly  assigned  by  Linnasus  and  others,  but  from  which  it 
has  been  very  properly  separated  on  account  of  striking 
differences. 

Space  will  not  admit  of  further  details,  but^  we  trust  that 
those  of  our  readers  who  have  followed  us  thus  far,  will  be 
induced  to  enlarge  the  sphere  of  their  pleasures  by  investi- 
gating for  themselves  this  too-neglected  department  of  na- 
ture's economy. 
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PACTS  ABOUT  IRON. 

Aktiq(7Aribs  have,  for  the  most  part,  doQided  that  an  '^  age  of 
bronze''  preceded  an  age  of  iron;  but,  although  they  may 
establish  their  theory  to  a  certain  extent,  it  cannot  be  accepted 
as  universally  or  necessarily  true,  and  it  is  very  important,  in 
studying  the  manners  of  ancient  races,  or  in  examining  their 
works,  to  bear  in  mind  the  arguments  that  favour  an  hypothesis 
of  a  totally  opposite  kind.  When  rich  ores  are  readily  attain- 
able, and  wood  to  make  charcoal  is  at  hand,  the  most  natural 
order  of  development  is  that  iron  should  be  smelted  and 
employed  long  before  the  discovery  of  the  mode  of  making 
bronze ;  and  if  any  people,  who  might  have  extracted  iron 
with  facility,  really  began  their  metal  working  by  a  scientific 
combination  of  copper  and  tin,  it  would  be  only  fair  to  con- 
clude that  they  did  so,  not  as  a  result  of  native  development, 
but  by  the  instruction  and  example  of  a  more  advanced  race. 
Dr.  Percy  remarks,*  ''  that  of  all  metallurgical  processes  the 
extraction  of  iron  is  the  most  simple.  Thus,  if  a  lump  of  red 
or  brown  hematite  be  heated  for  a  few  hours  in  a  charcoal  fire, 
well  surrounded  by  or  imbedded  in  the  fuel,  it  will  be  more  or 
less  completely  reduced,  so  as  to  admit  of  its  being  forged  at  a 
red  heat  into  a  bar  of  iron.''  He  adds  that  this  primitive 
process  requires  far  less  skill  than  what  is  employed  in  the 
manufacture  of  bronze.  The  extraction  of  iron  n-om  its  richer 
ores  belongs  to  an  antiquity  transcending  the  historic  period, 
and  it  is  remarkable  that  it  can  be  effected  on  a  small  scale 
without  even  the  help  of  a  furnace,  in  a  simple  apparatus 
rather  partaking  of  the  character  of  a  forge.  Dr.  Percy  cites 
an  example  of  this,  upon  the  authority  of  Dr.  Hooker,  in  whose 
Himalayan  Journal  appears  an  elegant  sketch  of  a  young  man 
standing  upon  a  large  pair  of  primitive  bellows,  which  he 
works  with  his  feet.  A  fascinating  young  woman  stands 
behind  him  upon  the  same  machine,  and  the  stream  of  air 
they  impel  passes  through  the  bottom  of  an  upright,  flat, 
sloping  stone,  under  whose  shelter  glows  a  small  fire,  in  which 
little  balls  of  iron  are  produced.  This  sketch  is  copied  in  Dr. 
Percy's  work. 

Li  working  on  a  small  scale,  malleable  iron  is  obtained 
directly  from  suitable  ores.  This  is  the  case  in  the  native  pro- 
duction of  the  Hindoos,  the  Africans,  the  Bomeans,  and  all 

*  Metallurgy :  the  art  of  Sxtraoting  MetaU  from  tkeir  Oret,  and  adapting 
ihem  to  various  purpose*  of  Manufacture^  bj  John  Percy,  BCD.,  F.R.S.,  Leotarer 
on  Metallurgy  at  the  Boyal  School  of  Mines.    Iron  and  Steel  with  lUustrationi, 
ohieflj  from  original  drawings,  oarefally  laid  down  to  scale.    Murray. 
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other  iron-working  races  in  an  early  stage  of  metallurgical 
knowledge.  In  the  enormous  works  of  modern  times  the 
result  of  smelting  is  to  obtain  cast  iron^  wluch  requires  separate 
and  costlj  processes  to  bring  it  into  the  malleable  state. 
Ultimately,  however,  we  may  expect  the  success  of  plans  by 
which  malleable  iron  may  be  obtained  directly  from  the  ore,  in 
quantities  and  at  prices  adapted  to  manufacturing  require- 
ments. Those  who  desire  to  know  what  has  been  done  in  thia 
direction  may  consult  Dr.  Percy's  elaborate  work.  It  is  not  a 
sul^ect  that  we  intend  to  discuss  in  this  paper,  but  we  cannot 
help  remarking  that  iron  production,  under  our  cumbrous 
patent  laws,  has  got  into  such  a  deplorable  state  of  complexity 
and  confusion  as  to  indicate  a  necessity,  both  in  the  interest  of  the 
public  and  that  of  inventors,  to  reconsider  our  whole  system 
of  offering  the  alleged  advantages  of  a  monopoly  to  the  dis- 
coverers of  new  processes  and  new  plans.  80  far  as  the 
general  public  is  concerned,  there  is  little  doubt  that  our 
patent  laws  act  badly  j  but  it  is  obviously  unfair  that  inventive 
talent  should  go  without  its  reward,  and  it  does  not  coincide 
with  ordinary  ideas  of  justice  that  the  anxious  toil  and 
laborious  thought  of  many  years  should  be  seized  upon  by 
outsiders  at  the  very  moment  when  a  reasonable  prospect  of 
remuneration  appears.  Thus,  at  first  sight,  patents  as  granted 
in  this  country  seem  advantageous  to  inventors ;  but  it  will  be 
found  that  a  time  arrives  in  most  important  branches  of  manu- 
facture in  which  this  ceases  to  be  the  case.  Let  any  one,  for 
example,  now  turn  his  attention  to  iron,  and  he  will  find  the 
patents  already  in  existence  surrounding  him  like  pitfalls  on 
every  side.  Schemes  unsuccessiul,  and  schemes  partially  suc- 
cessful by  the  hundred  are  found  to  be  under  the  protection  of 
the  patent  laws.  Yery  often  it  is  quite  impossible  to  ascertain 
the  limits  to  any  particular  patent  without  a  series  of  actions 
and  appeals,  in  which  the  longest  purse  is  most  likely  to  win. 
Thus,  a  fresh  comer  into  the  field  buys  "  a  pig  in  a  poke" 
when  he  purchases  a  patent,  and  has  small  chance  of  peaceably 
enjoying  his  acquisition,  unless  it  should  prove  worthless ;  and 
little  hope  of  maintaining  it  against  attack,  unless  he  has  a 
great  capital  at  his  command.  We  must  still  come  back  to 
the  moral  axiom  that  those  who  benefit  society  by  their  intel- 
ligence deserve  reward,  but  we  much  doubt  whether  anything 
like  our  existing  patent  system  is  calculated  to  secure  that 
desirable  end. 

In  this  country  iron  working  was  probably  an  ancient  art, 
as  there  is  evidence  that  it  was  practised  anterior  to 
Boman  times.  Dr.  Percy  cites  authorities  to  show  that  it  was 
understood  by  the  old  Egyptians — Mr.  Layard  found  some  iron 
work  at  Nineveh,  and  Mr.  Francis  Galton  naa  recently  given  to 
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Dr.  Percy  a  Bpecimen  of  black  sl^^  not  unlike  iron  slag, 
lately  found  in  ^^very  ancient  Sinaitio  remaina,  conjectured  to 
be  anterior  to  the  time  of  Moses/' 

Many  of  the  iron  ores  now  worked  in  this  and  other 
countries  would  not  have  suited  the  early  processes,  nor  would 
they,  in  many  cases,  have  disclosed  their  character  to  the 
imperfect  science  of  early  times;  but,  notwithstanding  this 
fact,  which  would  operate  in  favour  of  bronze  in  certain 
locaJities,  it  still  remains  for  the  antiquary  to  explain  why 
nations  who  were  acquainted  with  iron  should  have  resorted  to 
an  expensive  and,  as  we  should  think,  imperfect  substitute  for 
a  metal  that  we  now  regard  as  a  prime  necessity  of  civilized 
hfe. 

Of  all  the  substances  which  modify  the  diaracter  of  iron, 
carbon  is  the  most  important,  enabling  it,  according  to  circum- 
stances and  treatment,  to  become  hard,  elastic,  or  brittle.  The 
mode  of  the  existence  of  carbon  in  its  compounds  with  iron  is 
by  no  means  well  understood.  Dr.  Perey  states  that  it  is 
partiy  determined  by  the  conditions  under  which  the  metal  is 
heated  and  cooled,  at  temperatures  very  far  below  its  melting 
point ;  and  he  adds  that,  ''  Professor  Abel,  of  the  Arsenal, 
experimented  on  this  point  a  few  years  ago,  and  found  that 
hardened  steel  wire  dissolved  in  hydrochloric  acid  without 
residue ;  whereas  thasame  steel  in  the  softened  state  yields  by 
such  action  a  dark  flocculent  carbonaceous  residue  when  acted 
upon  by  the  same  acid.''  Steel,  in  its  three  states  known  as 
"blistered,"  '^tilted,"  and  "hardened,"  yields  a  different  residue 
or  solution.  It  seems,  on  the  whole,  to  be  proved  that  carbon 
may  exist  in  iron  in  the  state  of  mechanical  diffusion,  and  also 
in  a  state  of  chemical  combination ;  but  neither  Percy  nor  any 
other  chemist  has  succeeded  in  throwing  much  light  upon  the 
carbides  of  the  metal.  It  is  very  curious  that  hammering 
should  affect  steel  so  as  to  change  the  proportion  of  its  carbon- 
aceous residue  in  adds,  but  "  Uaron  found  that  rolled  steels, 
cceteris  paribus,  yielded  a  larger  amount  of  carbonaceous  residue 
than  hammered  steels."  In  this  case  the  mechanical  force 
exerted  in  hammering  seems  to  have  passed  into  the  state  of  a 
chemical  force,  by  which  the  condition  of  the  carbon  was 
changed.  Rolling,  as  a  less  disturbing  action  of  mechanical 
force  than  hammering,  produced  less  effect. 

Dr.  Percy,  though  fully  believing  in  the  influence  of  me- 
chanical force  as  just  described,  throws  some  doubt  on  the 
amount  of  action  usually  ascribed  to  blows  or  vibrations  in 
rendering  iron  brittle,  and  he  is  not  satisfied  that  it  induces  a 
otystalline  structure.  As  this  question  enters  so  largely  into 
safety  of  railway  travelling,  it  is  hoped  that  it  will  receive 
thorough  investigation.   Pending  this,  we  may  remark  that  the 
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condition  of  iron  after  fracture  must  not  be  taken  as  necessarily 
showing  in  what  state  it  existed  before  fracture  occurred.  Dr. 
Percy  tells  us  that  "when  a  piece  of  iron  which  has  been 
melted,  and  which  is  largely  crystalline,  is  cautiously  hammered 
at  a  suitable  temperature  into  a  shape  adapted  for  rolling,  and 
then  rolled  into  a  bar,  not  too  thick,  it  will  present  either  a  fibrous 
or  a  crystalline  fracture,  according  to  the  manner  of  breaking 
it,  and  especially  the  duration  of  the  act.  After  nicking  it  to  a 
slight  depth  on  one  side  with  a  cold  chisel,  and  then  bending 
it  slowly  backwards  from  the  line  of  the  nick,  the  fracture  will 
be  highly  fibrous,  and  may  be  almost  silky.  On  the  other 
hand,  if  it  be  nicked  all  round,  and  suddenly  broken  in  the  line 
of  the  nick,  the  fracture  will  be  crystalline,  with,  it  may  be, 
only  here  and  there  an  indication  of  fibre.'' 

We  have  stated  that  the  modem  processes  for  smelting 
iron  on  a  large  scale  produce  cast,  or  carburized  iron,  and  this 
will  be  readily  understood  from  Dr.  Percy's  explanations. 
"  The  furnace  being  in  operation,  or,  as  it  is  technically  termed, 
in  blast,  iron-yielding  materials  (of  which  the  essential  part  is 
oxide  of  iron),  flux  (generally  limestoue),  and  fuel,  are  con- 
tinually thrown  in  at  the  top,  so  that  the  interior  may  be  kept 
filled  up  nearly  to  the  filling  holes,  while  slag,  or  "  cinder," 
and  cast  iron  continually  accumulate  in  the  hearth  at  the 
bottom,  the  former  flowing  out  over  the  dam,  and  the  latter 
being  allowed  to  escape  at  intervals  through  the  tapping  hole." 
The  oxygen  of  the  air  blown  in  to  constitute  the  blast  forms  car- 
bonic acid  with  the  carbon  of  the  fuel,  and  this  gas,  passing 
into  the  state  of  carbonic  oxide,  readily  reduces  the  oxide  of 
iron.  The  ore,  or  iron  oxide,  is  reduced  as  it  descends  in  the 
furnace,  and  as  it  falls  towards  the  lower  and  hottest  part  of 
the  furnace  the  metal  "  becomes  carbonized,  and  converted  into 
cast  iron,  which  trickles  down  in  a  molten  state  to  the  bottom." 
The  iron  not  only  acquires  a  large  dose  of  carbon  in  this  pro- 
cess, but  likewise  takes  up  all  kinds  of  impurities  that  are  pre- 
sent, and  thus  needs  subsequent  treatment  to  decarbonize  it, 
and  remove  extraneous  matters.  An  expensive  and  very 
laborious  treatment  of  cast  iron  is  resorted  to  in  our  large 
works  for  the  purpose  of  obtaining  the  metal  in  a  malle- 
able state.  This  is  technically  called  '^  puddling,"  and  "  consists 
essentially  in  stirring  about  pig-iron  molten  on  the  bed  of  a 
reverberatory  furnace,  heated  by  flame,  until  it  becomes  con- 
verted into  malleable  iron,  through  the  decarbonizing  action  of 
the  oxygen  of  the  air  circulating  through  such  a  furnace."  One 
of  the  most  remarkable  inventions  for  decarbonizing  pig-iron 
is  that  of  Mr.  Bessemer.  The  pig-iron  is  melted  in  a  suitable 
furnace,  and  jets  of  air  are  then  introduced.  As  the  inventor 
states,  "  the  air  expanding  in  volume,  4iivide8  itself  into  glo- 
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btiles^  or  bursts  violently  upwards^  carrying  with  it  Bome 
hundred  weight  of  the  fluid  metal^  which  again  falls  into  the 
boiling  mass  below.  Every  part  of  the  apparatus  trembles 
under  the  violent  agitation  thus  produced^  a  roaring  flame 
rushes  from  the  mouth  of  the  vessel^  and  as  the  process 
advances  it  changes  its  violet  colour  to  orange^  and  finally  to 
a  voluminous  pure  white  flame.  The  sparks^  which  were  at 
first  large^  like  those  of  ordinary  foundry  iron^  change  to  small 
hissing  points,  and  these  gradoaUy  giye  way  to  soft  floating 
specks  of  bluishUght  as  the  state  of  malleable  iron  is  approached/' 
As  our  object  is  not  to  write  a  technical  paper  on  iron  manu- 
facture^ we  shall  refer  those  who  want  detailed  information 
on  the  various  projects  of  the  day,  to  Dr.  Percy's  work,  merely 
citing  his  opinion  that  for  the  Bessemer  process  to  be  '^  generally 
applicable  in  this  country,  it  mnst  be  supplementel  by  the 
discovery  of  a  method  of  producing  pig-iron,  sensibly  free  from 
sulphur  and  phosphorus,  with  the  friel  and  ores  which  are  now 
80  extensively  employed  in  our  blast  frimaces.''  The  doctor 
adds,  "  the  problem  may  be  difficult  of  solution,  but  surely  it 
is  not  a  hopeless  one.'' 

In  our  domestic  economy,  broken  cast-iron  vessels  are  usually 
thrown  away ;  but  the  Chinese  not  only  make  very  thin  cooking 
utensils  of  the  cast  metal,  but  dexterously  mend  holes  and 
cracks. 

Dr.  Percy  states,  on  the  authority  of  Dr.  Lockhart,  how  this 
is  done.  The  Chinese  tinker  scrapes  the  surface  of  the  broken 
vessel  clean.  He  then  melts  a  portion  of  cast  iron  in  a  crucible 
the  size  of  a  thimble  in  a  fiimace  '^  about  as  large  as  the 
lower  half  of  a  common  tumbler."  The  iron  when  melted  is 
dropped  on  a  piece  of  felt  covered  with  charcoal  ashes.  It  is 
pressed  inside  the  vessel  against  the  hole  te  be  fiUed  up,  and 
as  it  exudes  on  the  other  side,  he  strikes  it  with  a  small  roll  of 
felt  covered  with  ashes.  The  new  iron  and  the  old  adhere, 
and  when  the  superfluous  metal  is  removed^  the  job  is  com- 
plete. 

Among  the  miscellaneous  matters  of  interest  in  Dr.  Percy's 
book,  not  the  least  curious  are  those  relating  to  the  action  of 
sea-water  on  cast  iron^  converting  it  at  length  into  a  grey 
porous  mass  that  grows  rapidly  hot  in  contact  with  air.  In 
1740  some  iron  guns  that  went  to  the  bottom  with  part  of  the 
Spanish  Armada,  were  fished  up  near  Mnll^  in  Scotland.  On 
scraping  them  they  soon  became  so  hot  that  they  could  not  be 
touched,  and  a  ship  surgeon,  who  was  applied  to  for  an  eluci- 
dation of  the  mystery,  suggested  that  '^  as  they  went  down  in 
the  heat  of  action  they  might  not  have  had  time  to  cool, 
though  nearly  200  years  had  elapsed." 

^e  alloys  of  iron  are  numerous,  and  special  merits  are 
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claimed  for  many  of  them.  On  this  subject^  however^  mnoli 
information  is  still  wanted^  and  when  fine  steel  is  prodnoed,  it 
by  no  means  follows  that  it  owes  its  qualities  to  a  minute 
portion  of  some  other  metal^  or  non-metallic  substance  con- 
jectured to  have  affected  it  beneficially.  It  is  of  course  quite 
possible  that  minute  additions  may  produce  great  results  j  but 
if  we  may  judge  from  Dr.  Percy's  book,  veiy  little  has  been 
accurately  ascertained.  One  alloy  of  80  parts  zinc,  10  copper, 
and  10  iron,  is  said  to  possess  yery  valuable  working  proper- 
ties, and  not  to  rust  in  moist  air. 

Dr.  Percy  also  mentions  Mr.  Eckman's  process  of  case- 
hardening  by  arsenic.  Basped  leather,  or  other  nitro- 
genous animal  matter,  is  made  into  a  sort  of  porridge  with 
hydrochloric  add  and  arsenious  add.  The  metal  is  painted 
over  with  this  composition  about  one-sixteenth  of  an  inch 
thick,  and  then  heated  in  a  muffle  to  bright  redness.  A  white 
surface  of  arsenide  of  iron  is  thus  obtained,  which  effectually 
resists  rust. 

The  bulky  volume  from  which  we  have  made  the  preceding 
extracts  forms  the  second  part  of  Dr.  Percy's  Metallurgy ,  and 
a  third  part  is  expected  to  complete  it.  The  scientific  world 
will  unanimously  applaud  the  doctor's  labours.  He  has 
brought  together  an  amazing  mass  of  facts,  which  perhaps  no 
one  else  had  accumulated,,  and  a  large  portion  of  which  he  has 
for  the  first  time  made  accessible.  He  has  undoubtedly 
achieved  a  great  work ;  but  the  second  volume,  like  the  first, 
leaves  the  regret  that  his  talent  for  exposition  and  arrange- 
ment is  not  equal  to  his  enormous  metallurgical  learning.  As 
storehouses  of  facts,  the  two  volumes  are  invaluable,  but  as 
regards  the  eluddation  of  principles,  or  convenience  for  refe- 
^nce,  they  leave  much  to  be  desired. 
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THE    EEMARKABLB    WEATHER  OP    THE    EARLY 
SUMMER  OF  1864,  AT  THE  HiaHFIELD  HOUSE 

OBSERVATORY. 

BY  B.  J.  LOWlj   BSQ.^   V.B.A.S.,   ETC. 

The  extraordinary  heat  of  May  and  the  equally  extraordinary 
cold  of  June  makes  it  desirable  to  place  on  record  this  singular 
weather  of  1864. 

On  referring  back  to  old  records  we  find  that  on  Midsummer 
day,  A.D.  1035,  soyehement  a  frost  occurred  that  the  crops  and 
fruit  were  destroyed;  that  on  the  2nd  of  Mav,  1767,  at  Aid- 
stone  and  Cole  Fall,  there  was  a  great  fall  oi  snow  and  hail, 
the  ground  being  covered  in  some  places  to  the  depth  of  three 
feet.  In  this  year  (1767),  on  July  13th,  there  were  great  floods 
in  Bedfordshire  and  Lincolnshire ;  on  July  4th  a  prodigious 
quantity  of  snow  fell  in  Pomerania;  on  August  5th  a  great 
storm  occurred  in  Roxburgh,  carrying  honses  and  bridges 
away  j  on  August  12th,  at  Leeds,  the  river  rose  six  feet  in  an 
hour,  being  higher  than  for  twenty  years,  and  destroying  forty 
bridges ;  that  during  the  month  of  May,  on  the  12th,  a  dread- 
ful thimder  and  hail-storm  passed  over  Coimty  Fermanagh ; 
another  on  the  16th  at  Earlstown,  Scotland,  the  hail  being 
four  inches  in  circumference,  and  on  31st,  a  third,  occurring  at 
Nottingham,  Norwich,  and  London,  accompanied  by  a  N.W. 
gale.  Li  Herefordshire  there  were  fewer  apples  than  for 
twenty  years  previously,  and  scarcely  any  walnute. 

In  1773,  on  May  6th,  at  Birmingham,  snow  fell  to  the 
depth  of  twelve  inches,  followed,  from  the  18th  to  the  27th, 
by  the  highest  floods  ever  known  in  May,  and  which  were 
general  throughout  England.  Earthquakes  occurring  in  Staf- 
K>rdshire  and  Shropshire  on  the  30th  of  June  and  1st  and  2nd 
of  Jnly. 

In  1780,  at  Nottingham,  on  May  20th,  a  severe  frost ;  on 
the  28th  the  temperature  75^  in  shade,  on  the  29th  81%  and 
on  the  30th  only  bT. 

In  1794  the  greatest  heat  and  the  greatest  cold  begftn  to 
be  recorded  at  the  Royal  Society,  and  in  1840  at  the  Royal 
Observatory,  so  that  for  the  last  seventy  years  we  have  a  con- 
tinuous series  of  observations,  and  from  others  of  Dr.  Dalton, 
Mr.  Luke  Howard^  and  Mf .  Bent,  the  series  can  be  extended 
back  to  1785;  and  a  descriptive  histoiy  as  early  as  1752,  or  for 
113  years,  and  in  no  instance  has  the  temperature  of  the  18th 
and  19th  M^y,  1864,  been  reached,  nor  the  cold  of  Jtine  1st, 
1864. 

In  order  to  compare  the  observations,  we  will  select  Man- 
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cheater  (Mr.  G.  V.  Vernon),  the  Royal  Observatory,  and  High- 
field  House. 

CompariBon  of  the  greatest  heat  at  the  Royal  Observatory, 
the  Highfield  House  Observatory,  and  at  Manchester,  between 
1856  and  1862,  in  May  and  June : — 


BOTAIi 

Obbsbtaiobt. 

EiOEnEU)  Horn 
Obsibtatobt. 

Tear. 

May. 

Jtme. 

Majr. 

June. 

May. 

June. 

1850 

7*6-6 

8*5-1 

7*9-2 

87-2 

o 

78-0 

1851 

74-2 

87-0 

77-0 

85-3 

75-0 

1852 

73-4 

72-7 

790 

77-0 

73-0 

76-5 

1853 

78-8 

81-0 

820 

82-0 

77-7 

790 

1854 

70-5 

78-6 

73-0 

79*0 

720 

77-0 

1855 

81-5 

83-6 

819 

as-3 

840 

83-6 

1856 

72-0 

83-1. 

70-8 

84*2 

78-3 

77-0 

1857 

80-2 

92-7 

72-8 

88-0 

77-8 

90-5 

1858 

81-2 

94-5 

84-0 

92-2 

91-2 

1859 

77-0 

81-8 

78-6 

80-4 

82-0 

81-8 

1860 

76-5 

740 

79-8 

73-5 

78-0 

71-4 

1861 

80-2 

81-8 

79-8 

82*8 

72-2 

84-0 

1862 

81-5 

73-6 

77-7 

76*4 

76-0 

.— 

In  the  above  years  it  will  be  seen  that  the  maximum  heat 
in  May  reached  81**  5  at  the  Royal  Observatory,  and  84**0  at 
Highfield  House  and  Manchester;  and  in  June,  94°*5  at  the 
Royal  Observatory,  92''-2  at  Highfield  House,  and  91"-2  at  Man- 
chester. In  May  it  was  warmer  at  Highfield  House  than  at 
Manchester  from  1851  to  1854,  colder  from  1855  to  1859,  and 
warmer  from  1860  to  1862;  at  the  Royal  Observatory  it  was 
colder  from  1850  to  1855,  warmer  in  1856  and  1857,  colder  in 
1858  to  1860,  and  warmer  in  1861  and  1862. 

In  June  it  was  warmer  at  Highfield  House  than  at  Man- 
chester, except  in  the  years  1855,  1857,  1859,  and  1861 ;  it 
was  warmer  at  the  Royal  Observatory,  except  in  1850,  1852, 
1853,  1854, 1856,  1861,  and  1862. 

The  mean  of  the  greatest  heat  of  all  these  years  being : — 


Greenwich  .  . 
Highfield  House 
Manchester  »    . 


77-2  in  May,  and  82-2  in  June. 
78-1  „  82-4 

76-9  ,.  80-9 


f9 


Highfield  House  being  warmer  than  Greenwich  in  May  by 
0**9,  and  in  June  by  0''*2,  and  warmer  than  Manchester  in  May 
by  1*'2,  and  in  June  by  1*'5. 

Comparison  of  the  greatest  cold  at  the  Royal  Observatory, 
the  Highfield  House  Observatory,  and  at  Manchester^  between 
1850  and  1862,  in  May  and  June : — 
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Mat. 

. 

Jmrs. 

SoTAIi 

HlOHTIBID 

Mak- 

BOYAI. 

HlGHTIXIiD 

Hak- 

OSBBBTiXOBT 

.     HOVBX. 

CHS8TBB. 

Obs. 

HorsB. 

0BB8KBB. 

Year. 

e 

A 

e 

o 

o 

• 

1860 

317 

81-2 

— 

36-2 

361 

— 

1861 

33-5 

31-0 

360 

38-5 

380 

1862 

29-3 

32-0 

30-0 

41-0 

39-7 

380 

1853 

32-6 

30-4 

300 

39-9 

37-2 

400 

1864 

34-8 

31-4 

81-5 

41-4 

410 

420 

1865 

28-3 

26-8 

240 

39-3 

39-8 

385 

1856 

29-8 

30-9 

28-8 

41-1 

391 

390 

1867 

31-6 

30-0 

30-0 

38-8 

400 

43-8 

1868 

32-1 

30-9 

46-3 

39-5 

41-8 

1869 

331 

30-8 

30-8 

43-5 

41-9 

44-7 

1860 

32-5 

80-0 

330 

43-6 

39-6 

40-8 

1861 

33-4 

287 

280 

42-9 

42-6 

44-0 

1862 

37-8 

35-5 

88-0 

43*4 

39-7 

'-— 

In  these  years  Highfield  House  was  colder  than  at  the 
Boyal  Observatory  in  May  in  all  years^  except  in  1852  and 
1856  ;  and  in  Jnne^  except  in  1855  and  1857.  Highfield  House 
was  colder  than  Manchester  in  May^  except  in  1852^  1853^ 
1855^  1856^  and  1861 ;  and  in  June^  except  in  1852^  1855^  and 
1856. 

The  mean  of  greatest  cold  in  all  these  years  gives  the 
following  result : — 

o  o 

Greenwich    .     .     .     32'3  in  May^  and  41*1  in  June. 
Highfield  House    .    307  „  39-5 

Manchester  .     .     .    80*9  „  41*8 

Highfield  House  being  colder  than  Greenwich  in  May  by 
1***6^  and  in  June  by  l''*6 ;  and  colder  than  Manchester  in  May 
by  O'*-^,  and  in  June  by  r'8 

Prom  the  Royal  Society  and  Royal  Observatory  Records. 
The  highest  readings  in  May^  and  greatest  cold  in  May 
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'  "       ^J 

OieatestEtat 

OrestettCdd. 

Gi«ftte8tH6Bt 

in  May. 

Uay. 

June. 

June. 

Tmt. 

e 

O 

o 

e 

1796 

81-6 

36'0 

410 

77-5 

1807 

840 

44-0 

48-0 

77-0 

1808 

82-0 

42-0 

48-0 

760 

1838 

81-4 

48-4 

46-6 

•       80-8 

1841 

82-8 

41-2 

40-8 

78-5 

1846 

84-3 

38-8 

49-4 

91-1 

1847 

86-2 

860 

410 

80-4 

1848 

880 

33-5 

38-7 

78-4 

1866 

81-5 

28-3 

89-3 

83-6 

1867 

80-2 

31-5 

88'8 

92-7 

1868 

81-2 

821 

46-3 

94-6 

1861 

80-2 

33-4 

42-9 

81-8 

1862 

81-5 

37-8 

43*4 

78-6 
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Prom  1785  to  1807,  Mr.  William  Bent  kept  a  register  in 
London,  daring  which  time  the  thermometer  never  reached 
80"  in  May,  except  in  1807. 

Dr.  Dalton's  observations  at  Kendal  only  give  once  a  tem- 
perature of  80"  in  May,  which  occurred  in  1788. 

My  late  lamented  Mend,  Mr.  Luke  Howard,  in  his  series  of 
observiations  from  1797  to  1832,  made  at  Plaistow  and  Totten- 
ham, near  London,  gives  the  following  :— 

1806,  May  29 81 

1807,  „  25 85 

1809,  „  18 80 

1811,  „  26 84 

1815,  „  26 80 

1822,  „  20  and  21 81 

1825,  „  23 80 

1829,  „    23 81 

1830,  „       7 81 

In  Mr.  Qlaisher's  valuable  tables  of  the  mean  temperature 
of  every  day  in  the  year,  based  on  forty-three  years'  observa- 
tions, we  have — 


e  0 


May    1  to    8,    mean  60-0  to  50-9 
„      4  „  14,        „     51-3  „  51-8 
„     15  „  17,        „     52-2  „  52-8 
„    18  „  21,        „     53-1   „  53-8 
„    22  „  27,        „     541   „  54-9 
„    28  „  31,        „     55-2  „  56-1 
June   1  „    3,        „     56-4  „  56-8 
The  mean  temperature  of  the  coldest  day  in  Mav  was  36^*2 
on  the  3rd,  in  1832 ;  the  mean  temperature  of  the  hottest  day 
in  May  was  72"'6  on  the  15th  in  1833,  giving  a  range  of  36"-2 
in  mean  temperature. 

The  mean  temperature  of  the  coldest  day  in  June  was  45"*0 
on  the  7th  in  1814;  the  mean  temperature  of  the  hottest  day 
in  June  was  76''1  on  the  13th  in  1818,  giving  a  range  of  Sl'^'l 
in  mean  temperature. 

In  1864  at  Highfield  House  the  mean  temperature  ex- 
ceeded the  average  on  every  day  up  to  the  22nd,  except  on  the 
4th  and  9tb,  on  the  warmest  days  being : — 

May  14 61-5 

„  15 68-8 

„  16 69*2 

„  17 651 

„  18 72-9 

„  19 71-2 

„  20 67-2 
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Again— 

May  26 46-5 

„    31 47-9 

June   1 49*5 


^  o 


Frosfcfi  oocurred  on  May  24^  27*3  on  grass^  and  34*9  at  4  feet 
«  „    27,  24-9        „  33-9      „ 

,i  „    30,  31*5        „  39*0      „ 

„  June    1,  23-3        „  30*5      „ 

„      2,  23*5        „  84-3      „ 

The  maxTTnTini  heat  in  shade,  and  greatest  cold,  in  1864, 
was— 

On  May  14,  75*2,     greatest  cold,      40*9 

„  15,  81*2,  „  65*7 

„  16,  82-8,  „  561 

„  17,  80-3,  „  49-8 

„  18,  87-7,  „  53-7 

„  19,  89-3,  „  56-2 

„  20,  80*7,  „  53*5 

„  21,  65*7,  „  50*7 

At  Highfield  House  the  greatest  heat  of  May  from  1842  to 
1864  has  been — 

1846 81-4 

1847 84*6 

1848 83-0 

1858 820 

1856 81-9 

1858 84-0 

1864 89'3 

So  that  our  greatest  heat  in  1864  has  exceeded  every  year  in 
May  by  3*' 1 ;  and,  were  we  to  carry  our  investigations  tiirough 
the  months  of  June,  July,  and  August,  we  should  find  very 
few  days  in  these  hotter  months  m  which  the  temperature 
rose  above  89'**3. 

It  is  worthy  of  remark  that  almost  invariably  hot  weather 
in  May  has  been  followed  by  violent  atmospheric  disturbances, 
such  as  thunder-storms,  hail-storms,  gales,  and  floods,  and 
even  not  infrequently  by  earthquakes  and  disturbances  of  the 
sea. 

Taking  the  thirteen  hottest  years  in  May  from  1794  to 
1862,  as  recorded  by  the  Eoyal  Society  and  Royal  Observatory, 
it  wiQ  be  seen  that,  in  eight  years  the  temperature  never  rose 
to  the  same  height  again  during  the  summer,  whilst  in  1846, 
1857,  and  1858  it  became  very  hot. 

As  a  contrast  to  the  great  heat  of  May,  1864,  we  will  turn 
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to  tlie  great  cold  of  the  Ist  of  Jmie^  1864,  in  the  neighbour- 
hood of  Nottingham  (at  4  feet  elevation),  viz. : — 


}9 


f}9 


80-5 
28-5 
27-6 
23-2 
23-8 


EigMeld  Honse  Observatoiy,  greatest  cold 

Beeston  Observatory  .     .    . 

Lenton  Grove  (Mr.  Samuel  Morley); 

Highfield  Honse,  greatest  cold  on  grass 

Seeston    ...  „  „ 

This  frost  was  much  more  severe  iu  tiie  valley  a  qoarter  of 
a  mile  from  both  Highfield  Honse  and  Beeston,  Mr.  Morley's 
instruments  being  half- wav  between  these  two  observatories. 

The  damage  done  at  Highfield  House  is  confined  to  the 
leaves  of  gourds  and  partial  destruction  of  leaves  of  potatoes, 
and  French  and  Kidney  beans.  At  Mr.  Morley's,  young  shoots 
of  hollies  and  wahiuts  were  kiUed,  and  more  damage  done  to 
beans  and  potatoes.  At  Beeston,  except  in  sheltered  places, 
the  potatoes  and  beans  were  cut  to  the  ground ;  young  shoots 
of  ash  frees  killed,  as  well  the  small  branches  of  Bose  Gloire  de 
Dijon,  Polygonum  Sieboldtii,  Bhododendrons,  and  partial 
damage  to  the  bloom  of  strawberries  and  the  fruit  of  apples, 
pears,  and  gooseberries.  Much  greater  damage  was  done  six 
miles  north  of  this  place,  at  Basford  and  Bulwell,  and  where 
the  thermometer  must  have  been  considerably  lower.  Here  in 
every  direction  beans  and  potatoes  were  killed  to  the  ground, 
every  leaf  of  the  walnut  destroyed ;  nearly  all  the  apples,  pears, 
plums,  nuts,  and  gooseberries,  the  young  shoots  of  hollies,  and 
even  ^ose  of  the  English  oak. . 

In  referring  to  the  same  records  of  the  Boyal  Society  and 
Royal  Observatory  as  examined  '^  Mr.  Glaisher,  we  obtain  the 
following  as  the  coldest  years  in  Jane : — 


1797 
1802 
1841 
1848 
1849 
1850 
1851 
1853 
18S5 
1857 


greatest  cold,  40*0 

40-0 
40-3 
88-7 
88-6 
86-2 
88-5 
89-9 
89-3 
88-8 


if 


}f 


9y 


a 


f9 


99 


99 


99 


99 


99 


99 


My  own  observations  at  Highfield  House  giving — 


1848 
1848 
1849 
1850 
1861 


greatest  cold^  40*0 

40-1 
85-3 
351 
38-0 


99 
i9 
99 
99 


99 
99 
99 
99 
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1852 
1863 
1855 
1856 
1857 
1858 
1860 
1862 
1864 


groatest  cold,  39*7 

37-2 
39-8 
39-1 
40-0 
89-5 
39-5 
39-7 
30-5 


}9 
9i 
}} 
}} 
99 
99 
99 
99 


'*  lltlitol5, 
,,  16th  to  20, 


99 


99 


So  that  the  temperature  on  the  Ist  of  June,  1864  was  4''6 
lower  than  had  been  recorded  before  in  June  since  1797^  and 
there  is  no  year  nearly  so  low,  even  if  we  go  back  to  1785 ; 
whilst,  if  we  take  Mr.  Morley's  reading  of  27^*5,  which  is  quite 
correct  (made  by  an  excellent  thermometer  of  Messrs.  Negretti 
and  2iambra,  compared  by  my  Kew  standard),  we  hare  7**6 
below  any  other  reading,  and  8'*7  below  the  lowest  reading  in 
London. 

In  conclusion,  a  few  words  on  the  weather  of  May  will 
have  its  bearings  on  the  subject. 

The  movement  of  the  wind  firom  the  1st  to  the  21st  was — 

From  Ist  to    5th,  direct,  1260 ;  retrograde,  i012 

6th  to  10,        „         635;  „            472 

1720;  „           1884 

3275 ;  „           2407 

The  direct  exceeding  the  retrograde  movement  by  16ll«,  or  by 
4^  complete  revolutions.  The  greatest  changes  occurring  on 
the  15th;  direct,  956',  retrograde  888";  on  the  18th,  direct 
99(y,  retrograde  922%  and  on  the  20th,  direct  1440%  retro- 
grade 675. 

On  the  19th,  a  few  minutes  before  the  time  of  greatest 
heat,  viz.,  2*30  p.m.,  the  thermometrical  and  hygrometrioal 
conditions  of  the  air  were— 

o 

Temperature  in  shade    ....     89'0 
Wet  bulb  thermometer  ....    67*9 
Temperature  of  the  dew  point     .    53'1 
Elastic  force  of  vapour,  0*404  of  an  inch. 
Weight  of  vapour  in  a  cubic  foot  of  air,  4*2  grains. 
Additional  weight  of  vapour  required  to  saturate  a  cubic 
foot  of  air,  10*2  grains. 

Degree  of  humidity  (100  =  saturation)  29. 
Weight  of  a  cubic  foot  of  air,  508*8  grains. 
Weight  of  the  barometer  reduced  to  the  sea-level,  30*204 
inches. 

Pressure  of  the  gases  of  tiie  air,  29*800  inches. 
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Whole  amonnt  of  water  in  a  vertical  colnnm  of  the  atmo- 
sphere^  5*6  indhes. 

Thimder  was  heard  all  the  afternoon^  and  a  thunderstorm 
occurred  on  the  afternoon  of  the  20th. 

On  the  evening  of  the  29th  the  earthqnalce  pendnlmn 
showed  a  sensible  movement  of  the  earth  from  WNW.  to  ESE., 
and  that  from  this  time  till  noon  on  the  30th  the  earth  was  in 
constant  gentle  movement. 

Bain  only  fell  on  nine  days  in  May,  the  amount  being  only 
li  inches,  the  barometer  ranging  between  29*7  and  30*2 
inches. 

From  the  13th  to  the  20th  there  was  soarcely  any  oaonei 
and  during  this  period  an  almost  cloudless  sky. 


MAGNUS  ON  THE  CONDENSATION  OP  VAPOUBS. 

The  Arclmea  dea  Sciences,  No.  77,  and  Poggendorfs  Annalen, 
czxi.,  p.  1 74,  contain  an  account  of  some  inl^ortant  researches  of 
M.  Magnus  on  the  condensation  of  vapours  on  the  surface  of 
soUd  bodies,  from  which  we  extract  the  leading  facts : — 

M.  Magnus  begins  by  referring  to  a  former  paper,  in 
which  he  showed  tiiat  a  thermo-electric  pile  grows  warmer 
when  moist  air  is  brought  into  contact  with  its  surface,  and 
grows  cooler  under  a  similar  contact  with  dry  air.  These 
effects  are  produced  whether  the  surface  of  the  instrument  is 
blackened  with  smoke,  or  is  kept  bright.  He  considered  that 
the  elevation  of  temperature  was  due  to  the  latent  heat 
evolved  by  the  vapour  during  condensation.  Pursuing  the 
investigation  in  a  manner  that  is  detailed  in  the  publications  to 
which  we  have  referred,  the  conclusion*  was  arrived  at  that  all 
substances  grew  warmer  when  brought  into  contact  with  air 
more  moist  than  that  which  surrounds  them,  and  became 
cooler  in  contact  with  air  that  is  more  dry.  In  order,  however, 
to  enable  this  action  to*  become  sensible,  the  plates  must  not 
be  too  thick.  The  degree  of  disturbance  varies  with  the 
nature  of  the  plates  employed,  with  the  dimensions  of  their 
surfaces,  and  with  their  thickness ;  but  the  effects  are  universal, 
whether  the  surfaces  be  rough  or  smooth.  In  employing  glass 
the  strongest  effect  was  noticed  when  the  plates  were  very 
thin,  such  as  are  used  for  microscopic  objects  or  for  polarizing 
piles.  Experiments  were  made  with  brass,  glass,  gypsum, 
mica,  sal  gemmi,  and  alum.  When  ungreased  leather,  wood, 
ivoiy,    gutta   percha,  •  and   certain    oSier   mibstanoes   were 
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employed^  the  deviation  of  tlie  galyanometer  was  at  least  as 
great^  and  sometimes  greater  than  when  the  dry  or  moist  air 
impinged  directly  on  the  thermo-electric  pile^^  showing  that 
they  condense  vapours  more  readily  than  the  surface  of  the 
pile. 

M.  Magnns  arranged  a  delicate  air  thermometer^  so  that 
each  bnlb  was  surrounded  by  a  small  vessel  of  glass^  each 
glass  vessel  having  a  tube  proceeding  from  its  neck^  immedi- 
ately over  the  bulb.  On  blowing  air  into  one  of  the  glass 
vessels  the  thermometer  was  not  affected;  but  if  the  air  was 
first  dried,  then  the  opposite  bulb  experienced  a  cooling 
action,  and  became  warmer  when  air  saturated  with  vapour 
was  introduced.  The  effect  was  sufficient  to  produce  four  to 
six  millimetres  difference  in  the  level  of  the  two  limbs  of  the 
thermometer. 

A  mercurial  thermometer  divided  into  half  degrrees^  and 
sheltered  from  currents  of  air,  showed  under  similar  circum- 
stances an  effect  from  0*2  to  0*8  C. ;  and,  when  the  bulb  was 
blackened,  the  variation  reached  0*6  C. 

The  rapidity  of  the  effect  depends  on  the  thickness  and 
condensing  power  of  the  plates.  Sal  gemmi  and  other  dia- 
thermic bodies  were  instantaneously  affected;  metallic  plates, 
etc.,  varied  according  to  their  conducting  power. 

In  giving  a  summary  of  results,  M.  Magnus  states  that 
different  substances,  organic  and  inorganic,  wax,  paraffin, 
glass.  Quartz,  mica,  gypsum,  various  salts,  metals  rough  or 
polished,  and  also  varnished,  condense  on  their  surface  vapour 
from  the  air  in  which  they  are  placed,  and  whose  temperature 
is  the  same  as  their  own.  This  condensation  has  a  heating 
action ;  and  if  drier  air  is  introduced,  a  portion  of  the  liquid 
that  has  been  condensed  evaporates,  and  cold  is  the  result. 
Vapours  of  alcohol,  ether,  and  other  substances  produced 
effects  analogous  to  those  of  water.  In  general  it  may  be 
affirmed  that  vapours  are  condensed  on  solid  masses  to  an 
extent  sufficient  to  produce  appreciable  changes  of  tempera- 
ture. From  this  it  will  appear  that  on  every  solid  surface  a 
layer  of  vapour  always  exists,  which  becomes  greater  or  less, 
according  to  the  humidity  of  the  air.  M.  Maguus  adds  that  it 
cannot  be  doubted  that  this  film  of  vapour  plays  an 
important  part  in  many  actions  that  occur  on  the  surface  of 
bodies. 
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SOLAR  OBSERVATION.— COLOURS  OP  STARS.— 

CONSTITUTION    OP   NEBULA.— TRANSITS 

OP  JUPITER'S  SATELLITES. 

BY  THB  REV.   T.   W.   WSBB^  A.M.^  F.B.A.S. 

In  a  previons  paper  we  ennmerated  several  modes  of  eliminating 
the  superfluous  light  and  heat  otherwise  so  prejudicial  in 
examining  the  sun.  Two  very  efficient  ones^  however^  remain  to 
be  described. 

One  very  generally  applicable  contrivance  is  a  modification 
of  the  diagonal  eye-piece^  which  has  beren  long  in  use^  in  order 
to  avoid  the  neck-twisting  process  of  observation  with  an  achro- 
matic at  great  altitudes.  Por  this  purpose  a  plane  speculum  is 
introduced  diagonally  into  the  interior  of  the  eye-piece,  or  pre- 
ferably into  the  tube  just  beyond  the  eye-piece ;  and  in  the 
latter  form,  if  a  piece  of  unsilvered  glass  is  used  instead  of 
speculum  metal,  it  is  obvious  that  so  little  light  will  be  reflected 
from  its  anterior  surface,  that  a  very  pale  screen-glass  will 
be  quite  sufficient.  Sir  J.  Herschel,  the  inventor  of  this 
plan,  employed  it  with  a  Newtonian  reflector  at  the  Gape,  and 
Dawes  appUed  it  to  the  achromatic  immediately  afterwards. 
The  reflection  from  the  second  surface  must  be  got  rid  of,  to 
avoid  the  doubling  of  the  image.  This  may  be  effected  by 
roughening  the  back,  or  by  using  a  prism— a  modification 
adopted  by  Cooke  with  his  large  achromatics.  The  end  of  the 
tube,  behind  the  "  transparent  diagonal,'^  should  be  open  to 
admit  of  the  free  escape  of  the  transmitted  heat.  This  method  is 
so  effectual,  that  substituting  a  piece  of  transparent  glass  for 
the  small  speculum  in  his  great  Newtonian  silvered  reflector, 
Mr.  Bird  was  able  to  use  his  12-inch  aperture  for  nearly  an 
hour  without  inconvenience,  even  during  the  intense  heat  of 
last  May. 

The  most  remarkable  apparatus,  however,  and  that  which 
has  led  hitherto  to  the  greatest  discoveries,  is  ^^  Dawes's  Solar 
Eye-piece,^'  so  named  from  the  eminent  observer  who  invented 
it.  In  this  arrangement,  a  metal  slide  is  perforated  with  a 
series  of  holes,  varying  in  size  from  0'5  (or  0'3,  which  is  safer 
for  the  screens)  down  to  0*0075  of  an  inch,  any  one  of  which 
may  be  brought  into  the  centre  of  the  field  at  pleasure.  The 
greater  part  of  the  heat  is  so  completely  intercepted  by  the 
metal,  which  in  turn  is  insulated  by  a  plate  of  ivory  from  com- 
munication with  the  eye-piece,  that  the  inventor  has  used  this 
simple  arrangement  on  Lassell's  great  24-inch  speculum  for  two 
hours  of  bright  sunshine  without  unpleasantly  heating  the  eye- 
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piece.*  It  is,  of  course,  intended  as  an  auxiliary  to  high, 
powers,  with  which  the  diminution  of  light  at  the  same  time 
admits  of  the  advantage  of  a  thin  pale  screen-glass.  In  some 
instances  of  very  large  spots  and  a  favourable  state  of  air,  the 
whole  of  the  luminous  surface  may  be  excluded,  and  the  spot, 
under  clockwork,  or  very  carefiil  hand  motion,  be  studied  alone. 
This  admirable  contrivance  is  also  useful  without  the  dark 
glass  for  examining  many  other  celestial  phenomena  where  the 
brightness  of  neighbouring  objects  has  a  disturbing  effect.  In 
its  latest  modification,  the  various  perforations  and  screens  are 
arranged  on  circular  plates,  technically  known  as  ''wheels.^' 
Lassell's  suggestion,  that  thick  paper,  covered  with  white  lead, 
such  as  is  used  for  glazed  visiting  cards,  forms  an  admirable 
insulator  as  to  heat,  may  be  turned  to  good  account  in  the  con- 
struction of  an  economical  arrangement  to  answer  the  same 
purpose. 

There  ia,  however,  a  totally  different  mode  of  observation, 
which,  if  less  striking,  and  less  adapted  for  minute  details,  than 
direct  vision,  is  far  more  easy  and  convenient — that  of  prqjec- 
tion  ;  in  which  the  image  is  transmitted  through  an  ordinaiy 
eye-piece,  adjusted  by  trial  till  perfect  distinctness  is  obtained, 
to  a  large  opaque  screen  at  a  suitable  distance  behind  it.  If  this 
screen  is  white,  smooth,  and  carefully  arranged  at  right  angles 
to  the  axis  of  the  telescope,  the  correct  focus  being  also  care- 
fully determined  by  repeated  trial,  this  method  will  give  a 
very  fair  representation  of  the  principal  solar  phenomena.  Mr. 
Hewlett,  indeed,  who  makes  great  and  successful  use  of  it,  tells 
us  that  he  even  gets  a  more  perfect  view  in  this  way  than  by 
direct  vision.  At  the  same  time,  it  has  the  great  merit  of  sup- 
plying us  with  an  accurate  and  inexpensive  micrometer,  the 
image  of  the  sun  being  made,  by  proper  adjustment,  to  coincide 
with  a  circle  graduated  by  hues  into  suitable  divisions ;  and 
thus  the  position  of  the  spots  may  be  measured,  and  their  pro- 
gress made  evident,  from  day  to  day.  Carrington,  one  of  our 
best  solar  observers,  employed  this  mode,  projecting  the  image 
on  plate-glass,  coated  with  '^  distemper*'  of  a  pale  straw  colour. 
A  large  piece  of  cardboard,  with  a  hole  in  the  middle,  to  slip 
over  the  object-end  of  the  telescope  in  the  place  of  the  brass 
cap,  must  be  provided  to  throw  a  shade  upon  the  screen ;  and 
the  latter,  if  measurement  is  the  object,  must  be  attached  to  a 
bar  made  h&t  to  the  telescope,  and  partaking  of  its  motion. 

Homstein  and  Hewlett,  by  insertinsf  in  the  focus  of  the  eye- 
piece, which  for  this  purpose  should  be  of  the  "  positive*'  or 

*  Mr.  Bird,  howerer,  with  a  mirror  of  onlj  half  the  diameter,  bat  reflecting 
more  li^ht  in  proportion  from  ite  silvered  sorfaoe,  foand  the  brassvrork  greatly 
heated  m  «boat  fifteen  minntes.  Mooh  probably  depends  on  the  mode  in  which 
the  apparatoj  is  constructed. 
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Bamsden  constniction^  a  slip  of  fthsn  micrometrically  divided, 
project  its  imam^  together  with  that  of  the  Bxm,  as  a  scale  upon 
the  screen.  Ihe  latter  gives  the  following  dimensions^  which 
may  be  nsefal  as  a  guide : — Telescope  8}  inches  aperture^  in  a 
darkened  room ;  power  80 ;  cardboard  screen  on  easel^  4  feet 
2  inches  from  eye-piece ;  glass  micrometer  in  focus  divided  to 
sooths  of  an  inch^  each  division  giving  abont  i  inch  on  screen^ 
where  a  corresponding  scale  is  drawn  with  inJc,  every  161^  of 
an  inch  representing  about  4'\  With  other  powers,  other  dis^ 
tances  would  be  required  for  the  screen.  With  a  good  tele- 
scope, magnifying  may,  of  course,  be  pushed  much  further; 
but  beyond  80,  or  at  the  most  90,  the  field  would  probably  fail  to 
admit  the  whole  disc  of  the  sim.  Captain  Noble  states  that  he 
obtains  extremely  beautifiil  views  of  the  solar  phenomena  by 
fitting  on  to  the  eye-piece  the  small  end  of  a  cardboard  cone, 
1  foot  long,  and  6  inches  across  the  larger  end,  which  is  filled 
by  a  disc  of  plaster  of  Paris,  carefully  smoothed  while  wet  on  a 
sheet  of  plate-glass ;  on  this  the  image  is  projected,  the  in- 
terior of  the  cone  being  blackened,  and  an  opening  cut  in  its 
side  to  view  the  face  of  the  plaster  screen. 

The  observer  by  direct  vision  will  not  be  surprised  if  he 
should  find  a  different  focus  required  for  spots  in  the  centre 
and  those  near  the  limb.  This  is  a  remark  of  long  standing, 
but  the  direction  of  change  has  not  been  always  accordantly 
g^ven.  Harding  (Schroter's  assistant)  thought  the  focus 
shorter  for  the  marginal  than  the  central  spots ;  Graithuisen, 
Dawes,  and  Hind  the  reverse.  Graithuisen  ingeniously  ascribed 
this  peculiarity  to  a  n^ative  refraction  in  the  solar  atmos- 
phere ;  *  Dawes,  more  soundly,  to  the  effect  upon  the  eye  of 
the  different  intensity  of  light  in  the  two  regions,  which  is  veiy 
considerable;  and  this  view  is  confirmed  by  similar  obser- 
vations that  he  has  made  upon  other  objects,  such  as  the 
brighter  and  darker  portions  of  the  moon,  or  the  planet 
Saturn. 

00L0X7BS  OF  STABa 

The  diversity  of  colour  among  the  stars  is  a  hct  which  is 
apparent  upon  even  a  very  cursory  survey  of  the  heavens. 
To  some  eyes  it  is  probably  much  more  evident  than  to 
others ;  the  strange  phsBnomenon  of  "  colour  blindness/' — ^in 
other  words,  a  deiective  or  incorrect  appreciation  of  difference 
of  hue — being,  it  is  said,  more  common  than  is  usually  sup- 
posed. Still,  the  generality  of  spectators  woald  at  any  rate  be 
struck  with  the  more  extreme  cases;  for  instance,  a  compa- 

*  By  a  onrious  coineidenoe,  Sir  J.  Henohel  and  Mr.  Hunt,  in  tbe  early  dayi 
of  photography,  were  led  to  coDoInde  that  a  dasi  of  rayf  hsTing  peculiar  n^dth§ 
aotmio  propertief  inue  from  the  edgea  of  the  luxu 
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rison  of  Wega  and  Anta/res :  while  a  more  delicate  and  trained 
vision^  Bucli  as  that  of  Admiral  Smyth^  will  distingaiBh  very 
minute  and  proportionally  numeroos  gradations  of  tint,  and 
detect  the  evidence  of  it  eren  among  those  minute  ob- 
jects whose  presence  is  only  brought  out  by  a  patient  and 
stedfast  gaze.  The  attention  of  observers  was  early  drawn  to 
this  point,  Ptolemy,  the  Egyptian  astronomer,  having  given 
a  catalogue  of  six  fiery,  or  ruddy  stars,  as  far  back  as  the 
second  century.  The  invention  and  improvement  of  the 
telescope  did  not  lead  to  so  speedy  an  enlargement  of  our 
knowledge  in  this,  as  in  some  other  respects ;  partly,  perhaps, 
because  the  value  of  such  observations  was  not  at  first  recog- 
nized;  and  partly  because  the  man  who,  in  other  respects,  was 
tiie  most  qualified  of  aU  to  give  them  due  prominences-Sir 
W.  Herschel — ^had  a  preference  for  ruddy  tints,  arising  either 
firom  his  eye  or  his  specula,  which  rendered  his  results  less 
valuable  as  a  standard  of  comparison.  Scattered  notices  of 
colour,  after  his  day,  are  frequently  to  be  met  with;  but  in  the 
works  of  Smyth  and  W.  Struve,  the  subject  has  been  treated 
with  especial  accuracy,  and  Dembowski-and  other  observers 
are  now  following  it  op  with  close  attention.  It  was  not,  how- 
ever, till  a  comparatively  late  period  that  a  very  interesting 
question  arising  out  of  it  attracted  adequate  notice, — ^whether 
those  colours  might  be  subject  to  change  ?  A  curious  vari- 
ation of  hue  had  indeed  been  described  by  T^cho,  in  the 
magnificent  temporary  star  of  1572,  which,  having  at  first 
broken  out  in  splendid  whiteness,  passed,  in  its  decrease, 
through  yellow  and  red,  into  a  somewhat  livid  whiteness 
again ;  but  the  instance  was  altogether  so  extraordinary  that 
it  naturally  might  excite  no  suspicion  as  to  the  possibility  of  a 
similar  alteration  among  more  permanent  stars.  Long  after, 
but  fully  a  century  ago,  Mr.  Barker,  of  Lyndon,  pointed  out 
the  probabilitv  that  such  a  change  had  actually  taken  place  in 
the  most  emment  possible  instance,  that  of  the  resplendent 
Sirius  itself,  to  which  the  ancients  ascribed  a  reddish  tint, 
now,  as  every  one  knows,  totally  imperceptible.  Several  of 
the  expressions  in  classical  authors  may  be  equivocal,  but 
we  can  have  little  hesitation  as  to  the  "  rubra  Ganicula^'  of 
Horace,  and  still  less  as  to  the  distinct  assertion  of  Seneca^ 
that  its  redness  was  more  vivid  (**  acrior  rubor  ")  than  that  of 
the  planet  Mars  j  while  Ptolemy,  in  the  list  already  referred 
to,  ranks  it,  together  with  Arcturus,  Aldebaran,  Pollux,  An- 
tares,  and  Betelgeuse,  as  Wo^tppov — ^fiery-reddish.  The  date 
of  its  change  is  unknown ;  but  it  seems  probable  that  its  red- 
ness had  already  become  inconspicuous  in  the  days  of  £1-Fer- 
gani  (Alfraganus),  in  the  middle  of  the  tenth  century,  and  no  one 
now  would  even  suspect  its  former  existence ;  it  may,  perhaps. 
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even  be  thought  to  verge  a  Kttle  toward  the  opposite,  or  blue, 
end  of  the  spectrum.  But,  whatever  probability  might  attach 
to  Mr.  Barker's  investigation,  the  subject  seems  to  have  been 
subsequently  neglected;  at  least,  I  have  not  noticed  any 
further  reference  to  it  till  Herschel  11.  and  South  published, 
in  1824,  their  catalogue  of  double  stars.  In  this,  remarking 
upon  the  smaller  star  of  t  Gcmcri,  which  Herschel  I.,  1782, 
Feb.  8,  had  found  of  a  deep  garnet  colour ;  Dec.  28,  bluish ; 
1785,  March  12,  blue,  and  wluch  they  had  noted  as  indigo 
blue,  1822,  Feb.  22,  they  take  occasion  to  inquire,  »'^  Are  the 
colours  of  the  stars  liable  to  change,  as  well  as  the  intensity 
of  their  light  ?     There  is  no  impossibility  in   this,  and  the 

Eoint  merits  attention.''    This  it  has  subsequently  received,  but 
ardly,  as  yet,  in  the  degree  which  it  deserves ;  the  time,  how- 
ever, is  now  obviously  come  when  a  more  general  and  rigid 
investigation  may  and  should  be  attempted.     Fortunately  for 
amateurs,  the  inquiry  is  perfectly  accessible,  in  the  vast  ma- 
jority of  instances,  with  moderate  instrumental  means,  and,  for 
some  not  very  obvious  reason,  contrast  of  colour  is  frequently 
as  perceptible  with  small  as  with  larger  apertures.     And  it  is 
an  inquiry  which  calls  for  an  extended  combination  of  effort, 
for  it  win  be  found  that  it  is  only  by  an  accumulation  of  in- 
dependent and   concurrent  testimony  that  we  can  hope   to 
attain  to  any  reUable  conclusion.     We  have  already  touched 
upon  this  subject  at  the  beginning  of  our  list  of  double  stars 
(Intellectual  Observes,  No.  2,  p.  148) ;  but  it  is  desirable  to 
advert  to  it  again  a  little  more  in  detail.     Many  adventitious 
circumstances  are  unfavourable  to  the  results  of  any  single 
observer.     From  an  inherent  defect  in  their    construction, 
achromatic  object-glasses  do  not  form  an  image  as  perfectly 
&ee  &om  colour  as  the  derivation  of  their  name  impUes ;  there 
is  always,  under  high  powers,  a  narrow  fringe  of  tinted  light 
surrounding  every  bright  object  in  focus ;  and  as  this  tint  had 
been  originally  a  constituent  part  of  the  light  of  the  star  under 
examination,  previous  to  its  decomposition  by  the  imperfect 
action  of  the  object-glass,  the  focal  image  formed  by  the 
remainder  of  the  light  cannot  be  precisely  of  its  natural  hue, 
but  must  be  more  or  less  tinged  with  the  complementary 
colour.     By  "  complementary  "  colour  is  meant  that  which 
makes  up  the  complement  of  white  light  after  any  given  tint 
has  been  separated  from  it : — thus,  considering  with  Sir  D. 
Brewster  that  white  is  compounded  of  certain  proportions  of 
the  three  primary  colours,  red,  yellow,  and  blue,  we  shall  find 
that  red  is  complementary  to  a  mixture  of  blue  and  yellow, 
forming  greeu ;  that  yellow  is  complementary  to  a  combina- 
tion of  red  and  blue,  forming  purple  or  violet ;  and  that  blue 
is  complementary  to  an  union  of  red  and  yellow,  that  is  to  say, 
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orange ;  and  the  Bame  holds  good  with  regard  to  the  secondary 
or  mixed  colours.  If^  therefore^  a  telescope  has^  as  usnal^  a 
fringe  of  blue  or  purple  '^  outstanding,'^  as  it  is  termed,  when  in 
focus,  the  image  of  a  white  star  will  be,  in  proportion  to  the 
strength  of  the  fringe,  sHghtly  stained  with  the  comple- 
mentary orange  or  yellow ;  such,  for  example,  was  the  case 
with  the  noble  achromatic  at  Dorpat— one  of  the  first  instances, 
if  not  the  first,  of  a  combination  of  magnitude  with  perfection, 
and  with  which  W.  Struve's  great  catalogue  of  double  stars 
was  formed ;  what  were  considered  moderate  powers  in  this 
instrument,  254  and  420,  were  preferable  to  532  and  682,  as 
the  latter  gave  a  yellowish  tinge.  And  such  is  probably 
especially  the  case  with  other  productions  of  the  Munich 
Optical  Institute,  whose  glasses  are  said  to  be  characterized, 
notwithstanding  their  fine  definition,  by  a  great  deal  of  out- 
standing blue.  In  addition  to  this  never-failing  source  of 
discoloration,  the  fact  that  different  object-glasses  mav  not 
possess  the  same  intensity,  or  precisely  tiie  same  hue,  of  out- 
standing fringe,  may  somewhat  vary  the  colour  of  their 
respective  focal  images ;  the  material,  too,  of  the  older  glasses 
would  exercise  an  influence,  the  crown  glass  formerly  em- 
ployed having  a  strong  green  cast,  from  which  the  modem 
plate  is  comparatively  free.  This  coloured  fringe  is  entirely 
absent  in  reflecting  telescopes,  whence  their  focal  image,  when 
equally  shcup  with  that  of  the  achromatic,  is  more  pleasant  to 
the  eye ;  but  the  Gregorian  construction  was  apt  to  exhibit  a 
''  smoky "  tinge ;  and  though  Newtonians,  for  some  reason 
which  does  not  plainly  appear,  are  less  subject  to  this,  it  may 
be  readily  induced  by  using  too  much  copper  in  forming  the 
speculum  metal,  or  by  a  shght  amount  of  tarnish.  From  all 
these  defects,  it  is  pleasant  to  know  that  the  silvered  specula, 
now  coming  into  use,*  are  quite  exempt,  and  nothing  can 
surpass  the  intense  purity  of  weir  reflection  so  long  as  they 
retain  their  original  brilliancy,  which,  there  is  every  reason  to 
believe,  may,  with  due  care,  be  preserved  for  many  years, 
and  may  be  always  perfectly  restored  with  great  facility. 
We  must  bear  in  mind,  too,  that  even  the  most  faithful  focal 

Sicture  may  receive  a  tinge  from  being  viewed  through  a 
efective  eye-piece,  though  this  is  not  much  to  be  appre- 
hended, provided  the  object  is  kept  in  the  centre  of  the  field. 

*  The  following  retj  intereBting  axmouncement  ii  taken  from  a  Farifl  news* 

eper,  of  May  27 : — *'  I/Asaooiation  pour  I'ATancement  de  rAstronomie  et  de  la 
et^rologie tiendra  une  S^noe  G^^rale  le  8  Juin,  a  rObeerratoire,  i  troia 

heores  de  raprds-midi.  Le  pr^ident  ezposera  le  but  de  TAaeoeiatioD.  Le 
nonreau  grand  t^l^ecope  de  Om  SO,  monte  ^uatorialement,  eera  expliqa^ ;  le 
proo^^  dPargentnre  du  xniroir  tera  experiments"  The  fraction  of  a'*  mdtre'* 
nere  giyen  ia  equal  to  2  feet  7)  inchee,  English  measwe, 
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The  atmosphere  also  introdaoes  a  certain  amount  of  oooa- 
sional  deception.  It  is  obvious  that  a  degree  of  haze  which 
gives  a  red  or  yellow  tinge  to  the  snn  by  day  must  produce 
tiie  same  effect  on  white  stars  by  night ;  and  on  this  account 
the  colours  estimated  on  different  nights  might  be  found  to 
vary^  and  even  on  the  same  night  at  different  altitudes  above 
the  horizon.  Hence  the  tints  of  low-calminating  stars  can 
seldom  be  satisfactorily  determined^  even  if  we  could  eliminate 
the  effect  of  refraction^  which  interferes  again  in  its  own  way^ 
converting  circular  discs  into  lengthened  and  parti-coloured 
spectra,  and  sometimes,  as  Smyth  observes,  making  "  a  large 
star  of  a  white  colour  really  appear  like  a  blue  and  red  hand- 
kerchief fluttering  in  the  wind;  the  blue  and  red  about  as 
intense  and  ded&d  as  they  could  well  be.^'  The  lowest  10^  or 
15"*  of  the  visible  heavens  are  on  this  account  commonly  con- 
demned by  astronomers  as  useless;  but  Herschel  I.  found 
traces  of  this  prismatic  effect  even  as  high  as  BeguliM,  and 
observed  that  from  this  cause  a  star  was  not  always  best  seen 
in  the  centre  of  the  field,  there  being  a  position  where  the 
prismatic  error  of  rays  passing  obliquely  through  t&e  eye-lens 
may,  in  some  measure,  correct  that  arising  from  atmospheric 
refraction.  Struve,  in  later  days,  traced  prismatic  effects  from 
this  cause  to  80°  and  even  45"*  from  the  horizon. 

Some  care  should  be  taken  as  to  the  standard  and  nomen- 
datare  of  colour,  as  discrepancies  may  arise  fr^m  carelessness 
or  inattention  on  this  head.  There  is  unquestionably  a  natural 
er  intrinsic  standard  of  colour  in  the  primary  tints  of  the  spec- 
trum,  but  they  do  not  come  before  us  in  an  unmingled  form 
decidedly  or  frequently  enough  to  be  impressive  on  the 
memory ;  practically  speaking,  each  blue  that  we  see  may  be 
thought  greener  or  more  purple,  if  compared  with  other  shades 
verging  more  to  purple  or  green  than  itself;  and  so  our  ideas  of 
yellow  oscillate  through  a  considerable  interval  between  green 
and  orange;  and  red  has  many  variations  between  orange  and 
purple.  Besides  this,  the  language  of  many  persons  is  habitu- 
aUy  vague ;  and  in  the  case  especially  of  mingled  tints,  different 
names  might  be  given  by  different  persons  to  the  same  colour. 
To  obviate  these  causes  of  uncertainty  Smyth^s  excellent  sug- 
gestion should  be  adopted,  of  referring  all  hues  to  correspond- 
ing water-colour  pigments,  where  the  definite  name  admits  of 
no  question,  provided  only  the  memory  of  the  eye  may  be 
depended  upon. 

But  besides  these  comparatively  external  sources  of  errorj 
we  have  to  observe  that  the  judgment  of  the  eye  itself  may  be 
^asily  led  astray.  To  the  difference  which,  as  has  been  already 
intioiated,  may  exist  between  the  perceptions  of  different  indi- 
viduab,  we  have  to  add  those  which  may  casually  arise  in  the 
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same  eye  at  different  times  from  varyinpf  conditions  of  the 
retina.  To  say  nothing  of  the  probability  that  a  wearied  eye 
would  be  less  sensitive  to  slight  differences  of  tint  than  a  fresh 
one,  it  is  well  known  that  the  long-continued  impression  of 
light  of  any  decided  colour  is  succeeded^  upon  its  removal^  by 
the  appearance  of  the  complementaiy  hue — a  fact  which  may  be 
illustrated  in  a  pleasing  manner  by  closing  one  eye^  and  look- 
ing with  the  other  at  a  white  object  through  a  piece  of  strongly 
tinted  glass ;  this  haying  been  continued  for  a  sufficient  time 
till  the  sight  is  accustomed  to  it^  let  the  glass  be  suddenly 
taken  away^  when  the  complementary  colour  will  fill  the  whole 
field  of  vision^  to  an  extent  that  will  be  fully  inanifested  by 
opening  the  closed  eye^  which  of  course  will  see  only  white 
light.  In  exactly  the  same  way^  the  eye  which  has  been  long 
gazing  upon  a  bright  yellow  star,  on  turning  the  telescope  to 
a  white  one^  will  see  it  tinged  with  the  complementary  purple^ 
or^  if  the  star  was  of  a  red  hue^  with  the  corresponding  green. 
The  cause  of  this  phaanomenou  may  probably  be^  that  diminution 
of  sensibility  under  a  long-continued  and  unvaried  stimulus 
which  is  common  to  all  our  perceptions.  The  retina  becomes 
gradually  less  responsive  to  the  action  of  any  colour^  just  as  it 
IS  to  the  action  of  strong  white  lights  from  prolonged  exposure 
to  its  unmixed  influence ;  and  therefore  when  light  composed 
of  various  tints  is  subsequently  let  in  upon  it^  it  fails  in  the 
adequate  perception  of  that  hue  to  which  it  has  become  as 
it  were  deadened^  and  catches  chiefly  the  impression  of  the 
other  colours  in  the  compound^  until  the  retina  has  had  time 
to  recover  its  normal  condition.  On  this  account,  the  observa^- 
tion  of  colour  should  never  be  attempted  after  micrometrical 
measurement,  in  which  artificial  illumination  is  employed ;  nor 
indeed  at  any  time  when  the  retina  has  just  been  previously 
stimulated  by  lamp  or  candle-Ught.  So  Struve  I.,  who  paid 
great  attention  to  colours  (while  his  assistant  Ejiorre  could  dis- 
tinguish none !),  has  cautioned  us  that  tints  observed  by  day- 
Ught  are  not  to  be  depended  upon ;  the  impression  of  the  blue 
background  predisposing  the  eye  to  ascribe  a  tinge  of  comple- 
mentary orange  to  the  star,  exactly  as  we  have  seen  the  light 
of  a  cloudy  sky,  penetrating  through  a  hole  in  a  window  of 
greenish  glass,  appear  distinctly  of  a  lilac  colour. 

Another  inquiry,  and  rather  a  troublesome  one,  springs 
out  of  this  relation  of  the  retina  to  colour.  Since  a  coloured 
light  of  predominant  intensity  will  obviously  tinge  all  lesser 
lights  in  its  neighbourhood  with  the  complementary  hue,*  a 

*  It  ii  probable  tbat  intensitj  of  hue  may  oooasionallj  overbalanoe  mere 
qaantity  of  unooloared  light.  At  leait  the  alight  green  tint  of  Sirku  when  brought 
into  the  lame  fLM  with  Arc$uru»  in  Ghaeoraao'e  ingenioiu  ezperimint  on  their 
relative  brightneii,  may  be  reaaonablj  aaoribed  to  th»t  oanae. 
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fact  which  may  be  easily  illuBtrated  by  observisg  the  blue 
aspect  of  the  moon  in  the  presence  of  a  powerful  lamp  or  gas- 
b'ght^  what  certainty  can  be  obtained  as  to  the  real  colour  of 
the  smaller  components  of  double  stars^  where  the  principal 
has  any  decided  hue  ?  In  many  instances^,  as  when  yellow 
stars  are  attended  by  little  lilac  comitesy  the  suspicion  of  mere 
contrast  naturally  obtrudes  itself.  In  others  where  the  tints 
are  ncrt  complementary^  that  of  the  smaller  star  is  sure  to  be 
modified  in  some  way^  unless  the  principal  is  white ;  and  eyen 
then  it  is  not  impossible  that  a  small  white  attendant^  lying 
within  the  outstanding  blue  fringe  of  the  large  star^  might 
receive  an  orange  or  tawny  tinge  from  its  position — an  illusion 
which  I  think  I  have  noticed.  The  difficulty  can  only  be  fully 
met  by  inserting  a  bar  or  thick  wire  in  the  fields  and  keeping  the 
larger  star  behind  it  by  hand  or  clock  motion^  till  the  eye  has 
recovered  from  the  impression  of  the  stronger  light.  By  this 
method  ofartificialoccuItationArago  satisfied  himself  that  most 
frequently  the  colour  of  the  smaller  star  was  not  the  mere  efiect 
of  contrast;  and  Struve  I.  found  that  the  beautifrd  blue  of  the 
two  companions  o*  Cygni  (No.  58  of  our  Double  Star  list,  In- 
TELLECTUAL  Obsbeveb,  Nov.  1862,  p.  304)  was  independent  of 
the  presence  of  the  large  orange  star.  Where  great  accuracy 
is  desired,  and  a  drivine  motion  can  be  applied,  it  would  be 
advisable,  after  hiding  the  principal  star,  to  close  or  avert  the 
eye  for  a  short  time,  that  an  entirely  fi*esh  impression  of  the 
colour  of  the  companion  may  be  obtained. 

When  both  eyes  are  of  equal  goodness,  which  is  by  no 
means  always  the  case,  the  employment  of  each  in  succession 
in  the  examination  of  colour  may  prove  an  useful  check  upon 
any  accidental  bias  in  either.  A  change,  too,  of  eye-pieces 
may  always  be  expedient.  The  tints  of  close  double  stars  are 
seldom  so  plainly  seen  with  low  powers  as  with  higher  ones, 
which  give  a  wider  separation  to  the  discs. 

Not  unfrequently  an  observer  finds  considerable  trouble  in 
satisfying  himself  as  to  the  tint  of  a  star.  In  some  cases  this 
probably  happens  from  the  want  of  a  standard  of  white  light 
in  the  field.  Could  this  be  constantly  introduced  by  the 
method  of  reflection  employed  by  Chacomac  to  estimate  com- 
parative brightnesses  (see  last  number  of  Intellectual  Ob- 
SERVEB,  p.  So5),  it  would  be  a  great  assistance,  and  well  worth 
the  consideration  of  an  observer  who  made  this  subject  his 
special  study.  In  other  instances  the  eye  seems  puzzled  and 
the  tints  fluctuate.  I  have  repeatedly  remarked  this  in  the 
smaller  components  of  certain  double  stars^a  Fiscmm  being 
a  remarkable  instance — which  are  described  as  blue  by  Smyth, 
but  appeared  to  me  sometimes  of  that  colour,  sometimes  tawny, 
in  the  course  of  a  single  observation.    That  this  is  not  alto- 
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gether  a  peculiarity  of  vision  I  am  induced  to  believe  from  the 
strange  discrepancy  that  exists  as  to  the  colours  of  a  Pisciv/nh 
(see  iNTXLLXCTUAL  Obsxbveb^  Feb.  1863^  p.  55,  No.  80).  In 
default  of  a  better  explanation^  I  have  thought  it  possible  that 
in  consequence  of  intense  gazing  the  retina  may  have  become 
deadenea  to  the  blue  tint^  and  consequently  would  see  the  star 
white^  but  for  the  complementary  orange  induced  by  its  being 
involved  in  the  outstanding  blue  fringe  of  its  brighter  com- 
panion :  this  accidental  hue  in  turn  disappearing^  as  the  eye 
recovers  itself^  to  give  place  to  the  original  blue;  and  so  on. 
Mr.  Knox  agrees  with  me  as  to  the  existence  of  this 
fluctuation. 

We  must  postpone  to  another  opportunity  a  few  more 
remarks  upon  this  subject. 

GONSTITUnOK  OF  NEBUHS. 

Those  who  have  studied  one  of  the  most  remarkable  ques- 
tions of  modem  astronomy — ^that  relating  to  the  true  nature  of 
nebulsd  properly  so-called — will  be  extremely  interested  to 
learn  that  from  the  observations  of  Mr.  Powell^  at  Madras^ 
there  is  great  reason  to  infer  that  the  remarkable  nebula  round 
the  star  17  Argiia  is  gradually  but  strikingly  chaugisg  its 
form  and  brightness.  It  is  figured  in  Herschel^s  Outlines  of 
Astronomy,  but  is  unfortunately  not  visible  in  European  lati- 
tudes. We  shall  now  have  a  renewed  inducement  to  a  closer 
examination  of  the  analogous  nebula  in  Orion. 

TRAJSSVIB  OF  JTTPITEB'S  SATELLITES. 

July  2nd.  Shadow  of  I.  goes  off  9h.  50m.  8th.  Shadow  of 
II.  departs  9h.  51m.  9th.  Shadow  of  I.  enters  9h.  SSm.  I. 
leaves  the  disc  lOh.  S8m.  15th.  U.  goes  off  lOh.  2m. ;  its 
shadow  entering  2m.  later.  16th.  I.  enters  lOh.  17m.  22nd. 
II.  enters  lOh.  8m.  25th.  Shadow  of  I.  passes  off  lOh.  5m. 
29th.  Shadow  of  III.  enters  9h.  19m. 
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THE  EOMSBT  OBSEEVATORY. 

BT  BIY.   B.   L.   BEBTHON. 
(WUh  lUMHraUans.) 

Tbx  foUowmg  description  of  a  very  inexpensive  garden  obser- 
vatory will  most  probably  be  acceptable  to  those  amateur 
astronomers  who  have  felt  the  want  of  a  shelter  for  their  in- 
struments and  themselves^  and  have  hitherto  been  deterred 
from  the  enjoyment  of  such  a  luxury  by  the  supposed  costliness 
of  its  erection. 

In  the  Intellectual  Obsebveb  for  May^  1864^  appeared  a 
description  of  a  cheap  observatory  recently  built  by  Mr. 
Bird  for  his  large  silvered-glass  reflector^  and  it  is,  the 
writer  is  assured^  with  the  best  wishes  of  that  able  astronomer 
that  the  present  account  of  a  cheaper  observatory  makes  its 
appearance. 

It  is  not  necessary  to  repeat  the  cogent  reasons  that  those 
who  study  the  hosts  of  heaven  in  the  chiUy  night  should  do  so 
with  as  much  comfort  as  possible.  A  cutting  wind  on  a  frosty 
nighty  which  agitates  both  the  observer  and  his  telescope  to- 
gether^ is  the  best  argument  in  favour  of  laying  out  a  few 
pounds  for  such  a  purpose. 

The  drawings  which  accompany  this  description  represent, 
in  elevation  ana  ground  plan,  a  very  pretty  rustic  observing* 
house,  which  the  writer  erected  in  the  garden  of  Bomsey 
vicarage  kst  summer;  it  has  answered  every  desired  purpose 
most  perfectly,  and  though  the  situation  is  wet,  being  almost 
surrounded  by  water,  the  building  itself  is  remarkably  free 
from  damp  of  every  kind,  not  a  speck  of  rust  having  appeared  on 
some  bright  steel  and  iron  work  kept  in  it  the  whole  winter.  It 
will  be  seen  that  the  form  of  the  building  is  twelve-sided,  and 
the  following  particulars  will  enable  any  one  desirous  of  adopt- 
ing the  design  to  build  it : — 

Twelve  rough  fir  poles,  or  any  straight  trees,  about  four 
inches  thick  and  eight  feet  long,  are  fixed  in  the  ground  in  a 
true  circle  ten  feet  diameter,  and  at  equal  distances  from  each 
other,  {.  0.,  about  two  feet  six  inches ;  their  tops  must  then  be 
cut  ofi*  level  six  feet  six  inches  above  the  ground. 

To  do  this  part  of  the  work  quickly  and  well,  a  straight 
post  should  be  set  up  in  the  centre  of  the  circle,  on  the  top  of 
which  a  horizontal  rod  five  feet  two  inches  long  is  made  to 
revolve  i  this  will  indicate  the  height  of  each  post  and  the  posi- 
tion of  ike  centre  of  its  head.  This  being  done,  some  pieces  of 
inch  deal  or  other  plank  must  be  cut  just  long  enough  to 
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reach  from  centre  to  centre  of  the  poste^  and  these  twelve 
pieces^  four  inches  wide^  must  be  nailed  on  their  tops. 

The  walls  of  the  house  must  now  be  made  bj  nailing 
weather-boards  on  the  inner  sides  of  all  the  posts^  beginning 
at  the  upper  part^  and  only  leaving  the  apertures  for  the  door 
and  windows. 

The  bearers  for  the  floor  can  be  laid  next ;  they  consist  of 
slabs  of  any  kind  of  timber  with  their  smooth  sides  up.  Sup. 
posing  the  brick  or  stone  pedestal  for  the  telescope  to  be  two 
feet  in  diameter^  these  slabs  will  be  four  feet  long ;  they  may 
be  supported  on  logs  of  wood^  or  any  other  blocks^  so  that  the 
floor  when  laid  upon  them  is  one  foot  above  the  ground.  Care 
must  be  taken  that  neither  they  nor  the  boards  touch  the 
pedestal. 

The  ground  plan  shows  the  arrangement  of  the  boards^  five 
of  the  spaces  being  left  open  in  the  drawing  to  show  the 
bearers. 

The  door  and  windows  can  be  made  according  to  the  taste 
of  the  builder^  but  simple  and  neat  cases  for  them  can  be 
formed  by  nailing  inch  board,  planed,  against  the  rough  posts. 
Very  simple  frames  for  the  windows,  with  one  large  square  of 
glass  in  each,  look  quite  as  well  as  casement,  and  are  veiy 
cheap. 

The  next  part  is  'the  roof,  which  is  constructed  as  follows : 
— ^Twenty-four  pieces  of  inch  plank,  about  six  inches  wide  and 
between  two  and  three  feet  long,  are  so  cut  that  twelve  of  them 
shall  form  a  circle  ten  feet  three  inches  wide  at  its  inner  edge ; 
these  being  laid  out  in  a  true  circle,  marked  in  chalk  upon  a 
flat  floor,  the  other  twelve  are  laid  upon  them,  crossing  the 
joints ;  they  are  then  all  nailed  together  and  clinched.  The 
inner  edge  is  then  made  to  a  true  circle,  and  smoothed  with  a 
compass  plane.  • 

Next  the  rafters  must  be  cut,  twelve  or  twenty-four  in 
number,  or  intermediate  as  best  suits  the  canvas.  The  Romsey 
Observatory  has  twenty-four;  they  are  seven  feet  six  inches 
long,  and  two  by  one  inch  thick.  Being  cut  to  the  right  bevel, 
their  feet  are  simply  nailed  down  to  the  great  wooden  ring 
above  described ;  tiieir  upper  ends  meet  on  a  block  surmounted 
by  a  knob. 

Strong  canvas  is  now  to  be  naQed  with  tinned  tacks  upon 
the  rafters.  A  space  will  be  left  in  the  roof  nearly  six  feet 
wide,  wherein  no  rafters  are  fixed.  It  is  the  opening  for  the 
telescope,  and  is  closed  with  shutters  in  this  way : — Suppose 
the  number  of  rafters  be  only  twelve,  then  two  triaugular 
frames  of  the  same  wood,  each  comprising  one-twelfth  part  of 
the  cone,  will  be  hinsedto  the  contiguous  rafters  on  eadi  side, 
and  the  canvas  nailed  over  the  joints.    A  broad  thin  strip  of 
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wood  covering  the  part  where  these  shutters  meet  will  keep  oat 
the  rain ;  the  only  place  where  it  might  come  in  is  at  the  ex- 
treme apex,  and  to  prevent  it  a  roand  disk  of  zinc  mast  be  put 
on  under  the  knob^  but  high  enough  above  the  upper  ends  of 
the  rafters  to  allow  the  triangular  shutters  to  open.  The  writer 
has  constructed  his  shutters  in  four  pieces^  hinged  two  and  two 
together^  so  that  he  can  open  them  from  eighteen  inches  to  six 
feet. 

The  roof  being  completed  and  well  painted  inside  and  out, 
is  ready  for  lifting  on^  which  can  be  done  bodily  ;  bat  first  the 
gear  for  causing  it  to  revolve  must  be  contrived.  For  this 
purpose  eighteen  iron  sash-rollers  of  good  size  must  be  got 
from  any  good  ironmonger.  Twelve  of  these  must  be  sunk  in 
the  plates  of  wood  on  the  top  of  the  posts^  and  just  over  them. 
The  other  six  rollers  must  be  attached  to  some  stout  blocks  of 
wood,  BO  as  to  revolve  vertically,  and  these  blocks  will  be 
screwed  to  the  plate,  between  the  posts,  in  alternate  spaces,  so 
that  when  the  roof  is  on,  the  inner  edge  of  the  great  ring  or 
circle  touches,  or  may  touch  them,  to  prevent  the  roof  going 
ofiF  sideways.  The  twelve  rollers  should  be  well  oiled,  and  they 
will  be  found  to  bear  the  roof,  and  allow  it  to  revolve  with  a 
very  moderate  force. 

The  shutters  must  haye  a  bolt  to  keep  them  shut ;  and 
about  four  bent  pieces  of  iron  driven  into  the  top  of  the  posts, 
with  a  sort  of  hook  projecting  a  little  over  the  inner  eage  of 
the  great  circle  of  the  roof,  w^  keep  it  from  being  lifted  by  the 
wrud. 

It  only  remains  to  remark  that  the  extreme  dryness  of  this 
building  arises  from  its  being  raised  a  foot  clear  from  the 
ground,  but  it  is  better  and  warmer  if  roofing-felt  be  nailed  on 
inside  the  boards.  Some  very  cheap  stuff,  cotton  or  linen,  etc., 
nailed  inside  the  felt  will  receive  the  paper  which,  with  a 
simple  cornice,  finishes  the  interior. 

The  weather-boards  outside  can  be  tarred  over  or  painted 
roughly,  and  where  loppings  of  oak  can  be  had,  some  of  the 
crooked  branches  put  on  in  a  gothio  pattern  produce  a  very 
pleasing  effect.  The  eaves  can  be  ornamented  according  to 
taste  or  local  facilities. 

The  following  is  an  estimate  for  materials  and  labour  on  a 
high  computation,  not  including  the  pedestal  of  the  telescope ; 
but  in  most  parts  of  the  country,  especially  where  English  fir 
can  be  obtained,  and  the  wages  of  a  carpenter  are  less  than  five 
shillings  a  day,  a  considerable  saving  may  be  effected,  so  that 
the  expense  of  this  pretty  little  building  will  vary  from  seven 
to  ten  pounds,  according  to  local  circumsta>nces  : — 
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Twelve  rough  fir  poles  .        .        .        ,£0  12  0 
One  hundred  and  siicty-five  feet  of  three- 
quarter  inch  weather-board  for  Bides^ 
at  2d.  per  foot         •         .         .        •        17  9 
One  hundred  and  sixty  feet  of  inch  deal  board 
at  2^d,  per  foot,  for  floor,  plate,  win- 
dows, door,  and  entire  roof     .        •        1  13  4 
Slabs  for  bearers  of  floor        .         .         .         0    4  0 
Fifteen  yards  of  yard-wide  canvas  at  1««  4d.    10  0 
Eighteen  sash-rollers  (iron)    .         .         .         0    3  0 
Nails,  screws,  and  tacks         .         .         .         0     8  0 
Lock,  hinges,  and  bolts          •         .         .         0     6  0 
Eight  square  feet  of  glass  for  windows  at  3d.  0    2  0 
Eighteen  yards  of  roofing-felt  for  inside  of 

weather-boards       .        .        .         .        0  12  0 

Eighteen  yards  of  lining         .         .         .        0    6  0 

Pamt,  etc 0    6  0 

Labour,  twelve  days  at  5«.     .        »        .        3    0  0 

Total  .         .        .        .    £10    0  1 


ON   THE  OEIGIN   OP  THE  LIGHT  OF  THE 

SUN  AND  STARS. 

BT  BALFOUB  BTEWABT,  M.A.,  F.fi.8. 

When  we  turn  our  eve  upwards  and  behold  the  sun,  or  ffaieby 
night  on  the  starry  firmament,  and  reflect  that  those  glorioua 
orbs  have  shone  through  unnumbered  ages,  we  cannot  &il  to 
be  impressed  with  the  majesty  of  that  Great  Being  who  upholds 
them  in  all  their  brightness.  But  if  we  descend  &om  the  great 
First  Cause  to  those  modes  of  action  in  accordance  with  which 
we  are  assured  the  universe  is  governed,  and  search  for  the 
source  and  fountain  of  this  brilliancy,  we  have  to  grapple  with 
one  of  the  most  perplexing  problems  in  the  history  of 
Science. 

And  this  perplexity  has  only  increased  with  the  progresB  of 
knowledge,  nor  has  it  ever  been  greater  than  it  is  at  present. 
In  the  days  of  old  the  sun  was  looked  upon  as  a  ball  of  fire,  and 
no  question  was  raised  about  the  source  of  his  heat.  But  in 
proportion  as  we  have  become  better  acquainted  with  the  various 

i)robable  sources  of  Kght  and  heat,  and  are  convinced  that  the 
aws  of  matter,  nay,  even  its  very  forms,  are  the  same  throughout 
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the  universe^  in  the  same  proportion  are  we  perplexed  to  assign 
the  producing  cause  of  such  a  wonderful  outflow  of  luminosily. 

All  speculations  on  this  subject  naturally  divide  themselves 
into  two  groups.  We  have,  in  the  first  place,  those  which 
assume  that  the  sun  and  stars  are  fed  from  within ;  and,  in  the 
second,  those  which  assert  that  they  are  fed  from  without.  A 
little  explanation  will  make  this  distinction  clear.  If  we  sup- 
pose the  sun  to  be  a  hnge  mass  at  a  very  high  temperature 
which  is  gradually  cooling,  and  therefore  giving  out  light  and 
heat,  or  if  we  suppose  his  brightness  to  be  due  to  chemical 
combination  of  the  substances  which  form  his  mass,  in  either 
case  we  assert  that  he  is  fed  from  within.  But,  on  the 
other  hand,  if  we  suppose  that  he  is  fed  by  comets,  or  by 
meteors  impinging  against  his  atmosphere,  and  having  their 
motion  converted  into  heat  (just  as  they  have  when  they 
impinge  against  the  atmosphere  of  the  earth),  or  by  an  ex** 
tenial  ether,  or  in  any  way  by  planets,  then  we  assert  that 
he  is  fed  from  without.  In  presuming  to  add  another  to  the 
Ust  of  these  speculations,  let  us  begin  by  laying  down  certain 
rules  to  guide  us  in  our  discussion. 

Now,  first  of  all,  our  hypothesis  must  not  be  inconsistent, 
or  only  barely  consistent  with  appearances  on  the  sun's  disc ; 
and,  in  the  second  place,  it  must  be  susceptible  of  application 
to  other  systems,  and  capable,  by  a  legitimate  extension,  of 
explaining  the  veiy  strange  and  even  startling  phenomena 
which  reach  us  from  those  distant  regions.  The  sun,  in  fine, 
must  not  be  regarded  as  an  individutJ  apart  by  himself,  but 
rather  as  that  member  of  a  large  family  with  whom  we  are  best 
acquainted,  and  who,  if  questioned  aright,  may  perhaps  inform 
us  of  the  habits  of  his  race.  What,  then,  are  the  phenomena 
which  he  presents  f  It  is  well  known  that  his  surface,  although 
genersJly  appearing  uniformly  luminous  to  the  naked  eye,  is  not 
so  in  reality.  Setting  aside  spots  for  the  moment,  the  centre 
of  his  disc  is  decidedly  brighter  than  the  circumference ;  leading 
U8  to  infer  that  the  sun,  like  our  own  earth,  is  surrounded  by 
an  atmosphere  which  absorbs  much  of  the  lic^ht  which  passes 
throuffh  it  in  an  oblique  direction.  It  is  likewise  worthy  of 
remark,  that  this  atmosphere  must  have  a  lower  temperature 
than  the  region  which  gives  rise  to  the  luminosity,  since  other- 
wise it  would  not  exercise  an  absorptive  influence  upon  the  light 
emitted,  but  would  add  as  much  as  it  took  away,  or  even  more, 
if  its  temperature  were  higher.  The  dark  lines  in  the  solar 
spectrum  are  likewise  a  proof  of  the  presence  of  an  absorbing 
atmosphere  of  low  temperature. 

But  the  spots  which  appear  from  time  to  time  on  the  sxm's 
surface  are  at  once  the  most  interesting  and  instructive  of  all 
solar  phenomena.     Their  existence  has  been  known  for  a  long 
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time,  bnb  it  is  00I7  lately  that  they  ha.7e  become  the  subject  of 
soieatiGo  study.  The  following  sketch  from  solar  photographs 
taken  at  theKow  Observatory  will  give  an  idea  of  these  c 
objects : — 


In  the  first  of  these  pictnres  we  perceive  a  gronp  consistiu  g 
of  two  spots,  which  has  jast  been  brought  into  the  field  of  view 
by  the  rotation  of  our  luminary.  It  will  be  noticed  that,  beyond 
the  spot  at  the  extreme  edge,  there  is  a  slight  luminous  thread, 
otherwise  this  spot  would  have  produced  an  apparent  indentation 
in  the  sun's  limb.  In  the  next  picture  the  group  has  advanced 
a  little  further  into  the  disc ;  and  we  now  see  a  large  quantity 
of  bright  flocculent  matter  floating  about  chiefly  between  the 
two  spots.  We  likewise  perceive  &om  this,  as  well  as  from  the 
previous  picture,  that  the  circumference  of  the  disc  is  less  lumi- 
nous than  its  more  central  portions.  The  second  picture 
affords  us  also  an  opportunity  of  observiug  minutely  the  two 
spots  which  form  the  group.  We  see  that  each  consists  of  a 
black  nncleus,  accompanied  by  a  penumbra,  which,  in  the  left- 
hand  spot,  is  almost,  if  not  quite,  to  the  left  of  the  nucleus.  In 
the  third  picture,  that  group  has  advanced  nearly  to  the  centre 
of  the  disc ;  and  here  we  find,  in  both  spots,  that  the  nncleus  is 
very  nearly  central  with  respect  to  the  peuumbrft,  and  that 
there  is  a  total  absence  of  bright  flocculent  matter,  or  faculee, 
as  this  is  sometimes  termed. 

By  the  nearly  unanimous  opinion  of  observers,  spots  have 
been  regarded  as  breaks  in  the  photosphere  of  the  sun,  through 
which  his  comparatively  dark  body  becomes  visible.  The  first 
scientific  observer  was  Dr.  Alexander  Wilson,  of  Glasgow,  who 
upheld  this  hypothesis  by  endeavouring  to  show  that  when  a 
spot  ia  near  the  Hun's  limb,  the  nncleus  is  generally  nearer  the 
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oentre  iihan  the  penumbra.  From  this  he  argaed  that  a  spot 
represents  a  cavity  of  considerable  depth  in  the  sun's  atmos- 
phere ;  the  dark  body  of  our  luminary  forming  the  nucleus  or 
bottom^  while  the  penumbra  represents  the  atmospheric  walls 
or  sides  of  the  cavern ;  a  consequence  of  which  will  be^  that 
when  a  spot  is  placed  obliquely  towards  us^  the  wall  nearest 
us  will  be  hidden  from  our  view^  and  we  shall  only  see  that 
which  is  farthest  away.  It  will  be  noticed  that  one  of  the 
spots  we  have  sketched  confirms  the  truth  of  this  explanation^ 
the  penumbra  being  to  the  left  of  the  nucleus  when  the  spot 
was  near  the  sun's  left  limb. 

Let  us  now  consider  the  light»clouds^  or  faculae.  Messrs. 
Dawes^  Hewlett,  and  others,  have  observed  that  a  spot,  when 
near  the  edge  of  the  sun,  does  not  cause  an  apparent  in- 
dentation in  the  limb,  as  might  be  expected,  but  that  there 
is  always  a  thin  line  of  light  beyond.  This  is  also  seen  in 
our  sketch,  and  the  original  negative  at  Kew  from  which 
it  is  taken,  is  exceedingly  instructive  and  well  worthy  of 
minute  inspection.  It  represents  the  line  of  light  at  its 
central  portion  as  more  luminous  than  the  general  body  of 
the  sun,  so  that  the  eye  is  impressed  with  the  idea  of  an  ex- 
cessively curved  or  bulging  out  line.  This  may  be  due  to  the 
elevation  of  the  luminous  ridge  above  the  body  of  the  solar 
atmosphere,  and  is  in  accordance  with  the  well  known  fact  that 
when  faculsa  are  observed  near  the  limb  of  the  sun  they  appear 
much  brighter  than  the  surrounding  photosphere,  as  if  by  being 
high  up  they  escaped  a  great  portion  of  the  atmospheric  medium 
which  absorbs  very  much  of  the  Ught  proceeding  from  the 
border. 

On  the  other  hand,  faculaD  have  little  or  no  excess  of  bright- 
ness when  near  the  centre  of  the  disc,  because  there  the  light 
travels  only  through  a  small  extent  of  atmosphere  and  there  is 
not  much  gained  by  escaping  it.  To  all  this  we  may  add,  that 
Mr.  Warren  De  la  Rue  has  succeeded  in  producing  a  stereo- 
scopic image  of  a  spot  in  which  the  faculsa  appear  raised  above 
the  sur£Ekce.  Now  if  these  fi&culsB  are  really  elevated,  this  seems 
at  once  to  inform  us  that  the  sun's  light  breaks  out  in  his 
atmosphere  and  does  not  come  fi^m  his  solid  body,  since  we 
cannot  easily  suppose  large  masses  of  heavy  matter  remaining 
upheld  at  a  great  height  for  a  long  period  of  time.  We  there- 
fore conclude  that  the  greater  proportion  of  the  light  which 
reaches  us  is  not  derived  from  the  solid  body  of  the  sun,  but 
fr^m  some  matter  which  either  floats  in  the  solar  atmosphere 
or  forms  part  of  this  atmosphere  itself,  and  also  that  as  far  as 
our  observation  of  spots  extends,  there  is  ground  for  supposing 
the  sun's  surface  to  be  deficient  in  luminosity;  and,  for  a 
body  of  indefinite  thickness,  this  is  equivalent  to  a  reduc- 

VOL.  v.— NO.  VI.  H  H 
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tion  of  temperature.  It  is  of  course  possible  to  imagine  that 
a  peculiar  cooling  process  takes  place^  so  tliat  the  body  of  the 
sun,  originally  very  bright,  is  greatly  reduced  in  temperature 
when  we  behold  it,  but  such  an  hypothesis  bears  the  appear* 
ance  of  patchwork,  and  evenif  it  accoimt  for  solar  phenomena,  it 
will  not  admit  of  extension  to  other  systems.  From  all  this,  we 
are  induced  to  suppose  that  the  sun^s  light  is  due  to  action  from 
without;  and  if  it  can  be  proved,  as  we  think  it  can,  that  a  disc 
full  oi  spots  is  deficient  in  luminosity,  it  would  seem  to  follow 
that  such  a  state  of  the  sun's  surface  implies  a  deficiency  in  the 
mtensity  of  this  mysterious  action ;  while,  on  the  other  hand,  a 
disc  free  from  spots  denotes  an  increase  of  the  same. 

If  we  now  direct  our  adventurous  flight  into  still  more 
distant  regions,  we  shall  find  evidence  of  very  extraordinary 
forces  at  work  ia  stellar  spaces.  We  allude  to  variable,  tem* 
porary,  and  binary  stars.  Of  the  first  and  second  of  these  classes 
we  shall  here  name  one  or  two  of  the  most  prominent  examples. 

1.  Omicron  Ceti  has  its  greatest  brightness  for  a  fortnight, 
decreases  for  three  months,  is  invisible  five  months,  in- 
creases  again  for  three  months,  arriving  once  more  at  its 
greatest  brightness. 

2.  Algol  in  Perseus  appears  for  about  sixty-two  hours  as 
a  star  of  the  second  magnitude ;  it  then  suddenly  becomes 
fainter,  and  in  three  hours  and  a  half  arrives  at  its  minimum ; 
it  then  begins  to  revive,  and  in  three  hours  and  a  half  more  is 
again  at  its  maximum  brightness. 

3.  Gamma  Cygni  is  visible  for  about  six  months,  aud  invi- 
sible  for  about  the  same  time  or  a  little  longer. 

The  appearance  of  a  temporary  star  about  125  years  B.C., 
which  shone  forth  for  some  timewith  extr^rdinarybriUiancjr  and 
then  died  away,  turned  the  attention  of  Hipparchus  to  astro- 
nomy, and  induced  him  to  form  a  catalogue  of  stars.  In  the 
year  389  a.d.,  a  star  shone  forth  with  extreme  brilliancy  near 
Alpha  Aquilas,  remained  for  three  weeks  as  bright  as  Venus, 
and  then  disappeared.  A  star  of  this  kind  was  first  seen  by 
Tycho  Brah6  in  November,  1572,  It  was  at  its  greatest  bril- 
liancy when  discovered,  diminished  gradually  in  brightness  for 
sixteen  months,  and  disappeared  in  March,  1574.  There  was 
no  change  in  its  apparent  place.  Kepler  also  saw  a  new  star 
on  the  8th  of  October,  1604.  It  had  suddenly  become  visible, 
was  of  great  lustre,  and  disappeared  after  twelve  months. 

This  is  perhaps  the  fittest  place  to  notice  the  behaviour  of 
binary  stars.  A  binary  star  denotes  a  system  generally  of 
two  members  which  revolve  about  one  another  in  ellipses 
frequently  of  great  eccentricity.  A  change  of  magnitude  in  the 
components  of  some  of  these  systems  has  been  observed,  and, 
as  far  as  can  be  gleaned  from  an  interesting  paper  by  Professor 
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Piazzi  Smyths  when  tliis  is  the  case  both  components  change 
together  and  in  the  same  direction.  We  may  soon  hope  to 
learn  something  more  definite  regarding  these  bodies^  which 
are  favourite  subjects  of  study^  but  in  the  meantime  our  know- 
ledge is  very  limited. 

From  all  this  it  is  eyident  that  in  the  case  of  many  stars  we 
cannot  suppose  the  light  to  be  due  to  an  incandescent  solid 
or  liquid  body^  otherwise  how  can  we  account  for  their  long- 
continued  disappearance  f  Goodricke  indeed  has  supposed  that 
dark  bodies  may  periodically  obscure  them^  but  the  objection 
to  this  hjrpothesis  is^  that  such  a  dark  body  would  be  of  a  size 
utterly  ^proportioned  to  that  of  any  ordinary  star.  Nothing 
appears  so  capable  of  explaining  all  these  phenomena  as  the 
supposition  that  the  luminosity  of  stars  is  derived  from  without^ 
and  that  when  the  source  of  excitement  fails  or  varies  we  have 
a  temporary  or  variable  star.  Driven^  therefore^  to  look  with- 
out for  the  source  of  solar  and  stellar  light,  let  us  examine  the 
various  hypotheses  which  have  been  proposed. 

It  has  been  argued  that  the  etherial  medium  which  per- 
vades space  may  somehow  produce  luminosity  at  the  sur- 
£EU3e  of  large  bodies,  towardis  which  it  may  be  supposed  to 
stream,  and  that  some  of  its  streams  being  stopped  by 
planets  or  other  bodies,  this  may  occasion  a  vanation  in 
the  light  of  the  primary;  yet  how,  on  this  principle,  are 
we  to  account  for  the  total  stoppage  of  light  for  a  length- 
ened period  of  time  ?  Again,  it  has  been  supposed  that  our 
sun  is  fed  by  meteors,  which,  falling  into  his  atmosphere,  have 
their  motion  at  once  converted  into  light  and  heat.  Accord- 
ingly, when  a  star  is  in  a  portion  of  space  rich  in  meteors,  its 
brightness  will  be  intense;  but  when  in  a  space  devoid  of 
meteors,  it  will  disappear.  This  will  readily  account  for  the 
behaviour  of  temporary  stars,  but  it  cannot  easily  be  tortured 
into  affording  us  an  explanation  of  variable  ones.  In  advanc- 
ing our  own  views,  let  us  remark  that  in  a  case  like  the  pre- 
sent we  should  endeavour  to  connect  together  such  phenomena 
as  are  periodical.  Can  these  appearances,  then,  be  in  any  way 
due  to  planets  f  And  again,  since  observation  only  can  decidle 
this  question,  have  the  spots  on  our  own  sun  any  relation 
to  planetaiy  configurations?  In  the  valuable  work  on  sun 
spots,  recently  published  by  Mr.  Garrington,  a  comparison  is 
instituted  between  the  frequency  of  sun  spots  and  die  radius 
vector  of  Jupiter,  and.  on  tne  whole  there  are  good  grounds  for 
supposing  that  the  least  distance  of  Jupiter  from  the  sun  cor- 
responds in  epoch  to  the  minimum  of  spot-frequency,  and  his 
greatest  distance  to  its  maximum.  It  may  be  added  that  in 
1837  the  number  of  spots  was  peculiarly  great,  and  that  both 
Jupiter  and  Saturn  were  then  nearly  at  their  greatest  distances 
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from  the  sun.  Fariihermore^  an  examination  of  the  sun- 
pictures  taken  by  the  Kew  heliograph^  seems  to  indicate  the 
following  law.  Any  portion  of  the  sun's  disc  which,  owing  to 
his  rotation,  recedes  from  the  neighbourhood  of  Venus,  acquires 
a  tendency  to  break  out  into  spots,  and  as  it  approaches  Venus  it 
acquires  a  tendency  to  be  free  from  spots.  On  the  whole,  there- 
fore, we  are  perhaps  entitled  to  conclude  that,  in  our  own  system^ 
the  approach  of  a  planet  to  the  sun  is  favourable  to  luminosity, 
and  especially  in  that  portion  of  the  sun  which  is  next  the  planet, 
A  confirmation  of  this  law  is  found  in  the  readiness  with  which 
it  may  be  adapted  to  other  systems.  Let  us  take  variable  stars. 
The  hypothesis  which  without  being  physically  probable  gives 
yet  the  best  formal  explanation  of  the  phenomena  there  pre- 
sented, is  that  which  assumes  rotation  on  an  axis,  while  it  is 
supposed  that  the  body  of  a  star  is  from  some  cause  not  equally 
luminous  in  every  part  of  its  surface.  Now  if,  instead  of  this, 
we  suppose  such  a  star  to  have  a  large  planet  revolving  round 
it  at  a  small  distance,  then,  according  to  our  hypothesis,  that 
portion  of  the  star  which  is  near  the  planet  will  be  more  lumi- 
nous than  that  which  is  more  remote,  and  this  state  of  things 
will  revolve  round  as  the  planet  itself  revolves,  presenting  to  a 
distant  spectator  an  appearance  of  variation  with  a  period  equal 
to  that  of  the  planet.  Let  us  now  suppose  the  planet  to  have  a 
very  elliptical  orbit,  then  for  a  long  period  of  time  it  will  be  at 
a  distance  from  its  primary,  while  for  a  comparatively  short 
period  it  will  be  very  near.  We  should,  therefore,  expect  a 
long  period  of  darkness,  and  a  comparatively  short  one  of 
intense  light — ^precisely  what  we  have  in  temporary  stars. 
Again,  we  have  seen  that  in  m£my  binary  systems  there 
is  a  change  of  magnitude,  and  that  perhaps  both  members 
change  at  the  same  time  and  in  the  same  direction — a  result  in 
favour  of  our  hypothesis ;  but  it  is  to  be  regretted  that  we  have 
not  yet  sufficient  data  for  determining  if  the  brightness  is 
greatest  when  both  members  are  nearest  together.  Perhaps  it 
may  now  be  asked.  If  the  sun  have  not  a  large  store  of  heat  in 
himself,  but  is  fed  from  moment  to  moment,  have  we  any 
guarantee  for  the  continuance  of  his  light,  or  for  its  steadiness, 
which  is  almost  of  equal  importance  to  our  well-being?  We 
reply,  that  our  sun  is  not  the  member  of  a  binary  system  of 
small  period  and  large  ellipticity,  which  might  give  him  a 
variable  brightness,  nor  is  he  surrounded  by  planets  that  now 
press  near  to  him  and  anon  recede  to  a  great  distance,  which 
might  produce  the  same  result.  No  doubt  we  encounter  occa- 
sionally an  erratic  comet  and  are  much  puzzled  by  its  great 
luminosity  and,  in  other  respects,  strange  behaviour,  as  it 
approaches  our  sun,  but  the  influence  of  a  body  of  such  small 
mass  upon  our  luminary  is  probably  inappreciable. 
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We  have  tHus  endeavonred  to  show  that  the  formal  law 
which  appears  best  to  represent  celestial  phenomena^  asserts 
that  the  approach  of  two  heavenly  bodies  produces  light.  Now 
what  physical  canse  does  this  im^ly  f  It  has  been  remarked 
by  the  writer,  in  conjunction  with  Professor  Tait,  that  we  are 
not  without  an  analogous  law  in  another  branch  of  science,  for 
we  know  that  the  approach  of  two  atoms  towards  one  another 
also  produces  light.  Again,  is  it  not  conceivable  that  the  law 
indicated  in  this  paper  may  be  merely  that  arrangement  by 
means  of  which  the  visible  motion  of  bodies  is  converted  into 
light  and  heat,  which  we  know,  from  Professor  Thomson,  are 
the  ultimate  forms  to  which  all  motion  tends.  This  problem  is 
one  of  great  interest,  but  it  can  only  be  solved  by  laborious 
observation. 


LITBRABT  NOTICES. 

Outlines  of  Astbonomt.  Bt  Sib  John  F.  W.  Hbrschel,  Babt., 
K.H.,  etc.,  etc.  Seventh  Edition  (Longmans). — There  are  very  few 
Bcientifiic  works  that  can  compare  with  Sir  John  Eerschers  well 
known  "  Outlines  of  Astronomy,"  as  a  masterly  exhibition,  not  only 
of  the  fundamental  facts,  but  of  the  methods  of  reasoning  in  the 
higher  branches  of  physical  inquiry.  Many  writers  have  succeeded 
in  giving  intelligible  explanations  of  the  principal  astronomical 
laws,  and  of  the  results  to  which  they  give  rise ;  but  we  could  name 
no  book  equal  to  the  '*  Outlines,"  in  its  capacity  of  making  physical 
science  an.  aid  to  a  vigorous  and  yet  pleasurable  training  of  the 
mind.  The  leading  facts  and  principles  of  Astronomy  remaining 
unchanged,  that  which  was  well  said  concerning  them  when  the 
first  edition  of  Sir  John  HerschePs  work  lefb  the  press,  is  equally 
applicable  now  that  the  seventh  edition  appears  in  answer  to  pubhc 
demand ;  but  still  there  are  some  departments,  in  which  recent 
researches  have  unfolded  new  truths,  that  require  more  notice 
than  they  have  received  in  the  volume  before  us,  which  is  very 
little  more  than  a  reprint  of  the  last  edition.  If  Sir  John  HerscheFs 
age  and  engagements  prevented  his  paying  due  attention  to  the 
views  concerning  the  constitution  of  the  sun,  which  have  been 
unfolded  by  the  application  of  the  spectroscope,  and  by  considera- 
tions resulting  from  the  mechanical  tbeory  of  heat,  and  to  other 
recent  speculations  and  observations,  it  would  have  been  wise  to 
have  transferred  the  task  of  bringing  out  a  new  edition  of  his 
famous  work  to  his  son  Alexander,  who  has  displayed  scientific 
capacities  of  no  common  order,  and  bids  fair  to  be  known  to 
posterity  as  the  third  of  his  illustrious  name.  But  although  we 
thus  express  a  wish  that  we  had  been  favoured  with  a  little  more, 
that  which  Sir  John  again  offers  to  us  is  essential,  and  nowhere 
else  presented  equally  welL 
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Instakois  of  thi  Power  ov  G-od  as  mavifestbd  m  his  Aktmal 
Oreation:  a  Leotare  delivered  before  the  Young  Men's  Christian 
Association,  Noy.  1?,  1863.  By  Professob  Big.habd  Ownr,  D.C.L., 
F.B.S.  (Longmans.) — This  is  the  lecture  that  gave  rise  to  so  miDeli 
disonssioQ  and  anger  in  the  minds  of  certain  well-meaning  gentle- 
men whose  defeotiye  training  pecaliarly  needed  to  be  supplemented 
by  the  kind  of  instruction  which  Professor  Owen  provided  for  them. 
No  one  can  doubt  the  religious  tendency  of  Professor  Owen's  mind : 
he  has  always  contemplated  science  in  the  light  of  natural  theology, 
and  his  main  luie  of  argumeni;  would  be  followed  by  nine-tenths  of 
that  now  numerous  section  of  the  clergy  who  have  thought  their 
performance  of  duty  incomplete  without  a  reverent  study  of  Gk>d'f 
works. 

The  Eose  Book:  A  Practical  Treatise  on  the  Culture  of  the 
Rose ;  comprising  the  Formation  of  the  Rosarium,  the  Characters  of 
Species  and  Varieties,  Modes  of  Propagating,  Planting,  Pruning, 
Training,  and  Preparing  for  Exhibition,  and  the  Management  of 
Bioses  in  all  Seasons.  By  Shiblet  Hibbebd,  F.B.H.S.,  ete.,  ete. 
(Groombridge  and  Sons.) — Every  &mily  tries  to  grow  roses  after  a 
fashion,  from  those  who  confine  their  labours  to  a  humble  pot  in 
the  chamber  or  window  sill,  to  those  who  can  afford  to  lay  out 
rosariums,  or  line  long  garden-walks  with  the  all-fiivourite  flower. 
Rose  culture  is  indeed  one  of  the  most  important  branches  of 
gardening  as  a  fine  art,  and  thousands  are  annually  baffled  and 
defeated  for  want  of  the  practical  instruction  which  Mr.  Hibberd 
here  gives.  The  wealthy  cultivator  with  acres  of  lawns  and  beds, 
will  derive  from  his  pages  ample  information,  much  of  which  is 
usually  concealed  as  a  secret  of  the  craft,  while  more  modest  growers 
will  be  saved  from  manv  a  mistake.  To  the  inhabitents  of  towns 
and  suburban  districte,  he  affords  great  comfort  by  indicating  what 
sort  of  roses  they  must  choose,  and  how  they  must  treat  them  to 
ensure  success.  Mr.  Hibberd  is  well  known  as  a  most  indefatigable 
experimenter,  and  what  he  recommends  to  others  he  has  first  tried 
and  proved  for  himself. 

The  Temple  Anecdotes.  By  Ralph  akd  Chandos  Temple. 
Invbntiok  akd  Discovert.  Blustnited ;  published  monthly.  No.  1. 
(Groombridge  and  Sons.) — Everybody  likes  good  anecdotes,  and 
everybody  likes  good  illustrations ;  and  here  they  are,  at  a  price 
wonderfully  low,  considering  the  admirable  quaJity  of  the  type, 
paper,  and  engravings.  No.  1  of  the  "  Temple  Anecdotes  "  contains 
twenty-eight  anecdotes  of  great  inventors  and  great  inventions, 
besides  a  brief  introductory  essay  on  the  "  True  Mother  of  Inven- 
tion." Arkwright,  Cuvier,  Stephenson,  Crompton,  Brunei,  Buck- 
land,  Watt,  and  Wollaston,  are  among  the  heroes  of  the  incidente 
narrated,  and  the  editors  have  shown  industry  and  discretion  in 
hunting  up  striking  and  little  known  &cts.  Arkwright's  wife 
destroying  his  models,  and  an  incident  in  the  childhood  of  Jame^ 
Watt,  furnish  subjecte  for  two  full-page  elaborately-executed 
engravings,  which  belong  to  a  style  of  art  seldom  seen  in  cheap 
publications.     They  are  both  good,  but  the  second  is  especially 
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admirable  botb.  in  design  and  execution.  The  earnest  boy  tracing 
bis  mathematical  diagrams  on  the  stone  hearth,  unconscious  that 
his  &ther  and  two  visitors  are  watching  him;  the  cakn,  thoughtful 
satisfaction  of  the  parent,  who  is  hope^ilj  speculating  on  his  child's 
future  career,  and  the  varied  expression  of  the  two  ladies,  are  pre- 
sented to  us  by  the  artist  with  a  force  and  fidelity  seldom  seen  in 
more  pretentious  works. 

Tbb  Abbbvillb  Jaw  :  An  Episode  in  a  Gfreat  Controversy.  By 
J.  L.  BowB,  F.G.S.  (Longmans.) — This  is  a  paper  read  before  the 
Hull  Literary  and  Philosophical  Society.  The  author  is  a  bit  of  a 
humourist,  and  his  chief  object  seems  to  be  to  promote  a  sort  of 
compromise  between  those  who  assign  a  brief  date  to  man's 
existence,  and  those  who  claim  for  him  a  long  antiquity. 

Rambles  in  Seabch  of  Flowebless  Plants.  By  Mabgabet 
Plues.  (Cottage  (Jardener  Office,  Houlston  and  Wright.) — This 
handsome  and  eleg^tly  illustrated  volume  is  a  good  specimen  of 
a  class  of  works  to  which  the  popularization  of  science  is  mainlv 
due.  It  affords  just  the  sort  of  help  that  beginners  want,  and  will 
be  very  useM  in  country  trips.  Tlie  subjecte  range  from  ferns  to 
mosses,  algas,  lichens,  and  ^mgi.  Miss  Plues  writes  in  an  interest- 
ing, agreeable  style ;  and  her  directions  for  the  finding  of  objects 
and  tne  identification  of  species  are  judiciously  conveyed.  Those 
who  want  instructions  for  collecting  a  class  of  objects  of  great  micro- 
scopic interest,  will  fijid  an  additional  reason  for  thanking  an 
accomplished  lady  for  her  instructive  work. 
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ROYAL  INSTITUTION.— 3%  18. 

On  THi  Mechanical  Effects  of  Oon  Cotton. — In  the  May 
number  of  the  Intellectual  Obsebvbb,  page  302,  will  be  found  an 
account  of  Professor  Abel's  lecture  at  the  Royal  Institution,  ^'  On 
the  Chemical  Propertie|  and  Preparation  of  Gun  Cotton."  Mr. 
Scott  Russell  has  supplemented  tins  lecture  by  a  second  *'  On  its 
Mechanical  Action  and  Gtmered  Practical  Utility."  Gun  cotton,  as 
prepared  by  the  Austrian  process,  is  uniform  in  quality  and  perma* 
nent  in  action ;  it  possesses  the  greatest  cleanliness  in  use,  not  foul- 
ing the  gun  as  gunpowder  does,  and  hence  possesses  great  advan- 
tages for  use  with  breech-loading  arms. 

Exploded  in  the  open  air  it  acts  differently  from  gunpowder ;  if 
the  latter  is  exploded  in  one  pan  of  a  pair  of  scales,  the  arm  of 
the  balance  is  violently  depressed.     An  equal  weight  of  gun  cotton. 
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on  the  contrary,  can  be  ignited  mthout  moving  the  pa&r  In  the 
same  manner  a  bag  of  gunpowder  will  blow  open  the  gate  of  a  town 
which  wonld  not  be  injured  by  an  eqnal  weight  of  loose  or  unpacked 
gun  cotton.  This  appears  to  arise  from  the  circumstance  that  gun- 
powder after  explosion  leaves  about  60  per  cent,  of  solid  matter, 
which  acts  as  a  charge  and  produces  the  efifect  of  a  shot.  On  the 
other  hand,  the  products  of  the  explosion  of  gun  cotton  are  nearly 
purely  gaseous.    According  to  Karolyi  these  products 


Carbonic  Acid 20*82 

Carbonic  Oxide 2895 

Nitrogen 1267 

Hydrogen 3  "16 

Marsh  Gas 7*24 

Water 25-34i 

Carbon 1-82 

The  character  of  these  products  appears  to  account  for  the  cir* 
cumstance  that  with  gun  cotton  there  is  only  two-thirds  the  amount 
of  recoil  that  is  produced  by  gunpowder  in  a  clean  gun ;  for  as  sixteen 
pounds  of  powder  produce  by  the  explosion  ten  pounds  of  solid 
matter,  which  has  to  be  sent  out  of  the  gun  at  a  high  velocity,  the 
recoil  must  be  necessarily  greater  than  with  gun  cotton  of  equal 
explosive  power,  the  products  of  whose  combustion  is  entirely 
gaseous. 

Gim  cotton,  when  employed  in  artillery  service,  is  found  not  to 
heat  the  gun  in  the  same  manner  as  gunpowder  does ;  this  is  pro- 
bably due  to  the  fact  that  a  large  quantity  of  steam  is  formed  during 
its  explosion.  This  renders  so  large  an  amount  of  heat  latent  that 
the  gun  is  not  sensibly  warmed. 

Unlike  gunpowder,  gun  cotton  can  be  wetted  and  dried  repeatedly 
without  injury.  This  introduces  a  great  element  of  safety  in  the 
manufacture,  which  is  carried  on  for  the  most  part  whilst  the  g^n 
cotton  is  damp  and  consequently  inexplosive. 

Enclosed  in  a  case  or  gun  the  effect  of  gun  cotton  is  three  times 
greater  than  that  of  powder,  one  pound  doing  the  work  of  three  of 
powder.  Twen^-five  pounds  of  gun  cotton  placed  in  a  box  at  the 
foot  of  a  palisade  formed  of  trees  twenty  inches  in  diameter,  was 
found  to  shatter  three  of  the  trees  to  minute  splinters,  and  to  open 
a  wide  passage  available  for  military  purposes.  Four  hundred  and 
fifty  pounds  of  gun  cotton  exploded  in  the  yater,  twenty  feet  distant 
from  a  vessel  of  400  tons,  utterly  destroyed  the  ship,  some  of  the 
fragments  being  blown  upwards  of  400  feet^higl^  in  the  air. 

Employed  for  mining  purposes  it  is  found  that  one-twelfth  the 
weight  of  the  coarse  mining  powder  previously  used  is  equally 
efficient* 

In  confined  places,  such  as  mines  and  casemates,  the  absence  of 
sulphurous  smoke  enables  the  workmen  or  soldiers  to  continue  firing 
any  length  of  time  without  inconvenience,  often  a  point  of  great 
practical  importance. 

The  relative  power  and  properties  of  gunpowder  and  gun  cotton 
may  be  inferred  from  the  following  table — 
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Gunpowder. 
100  lbs.  occupy  1*8  cubic  feet 
55'5  lbs.  occupy  1  cubic  foot. 


Gun  Cotton* 
lOOlbfl.  occupy  4  cubic  feet. 
25  lbs.  occupy  1  cubic  foot. 


Products  of  Explosion. 


10  0  lbs.  yield  on  ezplosicn, 
68  lbs.  of  solids, 
32  lbs.  of  gases, 


100  lbs.  yields  on  explosion, 
25  lbs.  of  steam, 
?5  lbs.  of  permanent  gases. 


At  a  lecture  delivered  at  tbe  United  Service  Institution,  Profes- 
sor Abel  combated  some  of  the  conclusions  arrived  at  by  Mr.  Scott 
Bussell,  particularly  tbat  -which  attributes  the  great  recoil  produced 
by  gunpowder  to  the  projection  of  the  solid  residue  remaining  after 
the  explosion.  Professor  Abel  contended  that  some  of  the  materials 
regarded  as  solid  by  Mr.  Bussell,  excited  a  state  of  vapour  at  a  red 
heat,  particularly  the  sulphide  of  potassium,  which  forms  a  consider- 
able  proportion  of  the  residue.  It  was  also  shown  that  the  amount 
of  recoil  depends  greatly  on  the  mechanical  aggregation  of  the  ex- 
plosive body.  Loose  gun-cotton  exploded  on  one  pan  of  a  pair  of 
scales  producing  no  depression,  whereas,  if  pliated  into  a  car- 
tridge, its  effect  is  well  marked. 

In  the  same  manner,  the  recoil  produced  on  a  balance  by  the 
explosion  of  gunpowder  is  much  lessened  by  previously  reducing  it 
to  a  state  of  fine  powder.  Prom  these  and  other  considerations, 
Mr.  Abel  regarded  the  theoiy  advanced  by  Mr.  Bussell  to  account 
for  the  greater  recoil  of  gunpowder  as  unsatisfactoiy. 

May  19. 

Trmper^ture  and  Clihatb  or  thb  Moon. — ^Mr.  Nasmyth,  who 
has  devoted  many  years  to  the  diligent  observation  of  Lunar  Phe- 
nomena, communicated  the  results  of  his  observations  to  the  mem- 
bers of  the  Boyal  Institution,  at  the  Friday  evening  meeting  of  this 
date. 

The  bulk  or  solid  contents  of  the  moon,  as  compared  with  that 
of  the  earth,  is  as  1  to  49.  The  surfJEtce  of  the  moon,  as  compared 
Tvith  that  of  the  earth,  is  as  1  to  16.  On  the  supposition  that  the 
moon  and  the  earth  -were  formed  at  the  same  period,  by  the  con- 
densation or  nebulous  matter,  the  rapidity  of  cooling  of  the  moon 
would  be  four  times  as  great  as  that  of  the  earth,  in  consequence  of 
its  greater  surface  as  compared  with  its  soUd  contents,  hence  the 
moon  would  have  become  solid  long  before  the  earth,  and  would  offer 
for  our  contemplation  an  object  of  immense  antiquiiy,  the  surface  of 
which,  £rom  the  absence  of  air  and  water,  would,  according  to  Mr. 
Kasmyth's  hypothesis,  have  undergone  no  disintegration  or  change 
for  millions  of  ages. 

The  present  condition  of  the  moon's  surface,  consisiing  of  nume- 
rous craters  of  extinct  volcanoes,  some,  twenty-eight  miles  in  dia- 
meter, is  in  course  of  description  by  Mr.  Webb  in  the  Intellectual 
Observer.  Some  of  these  volcanic  mountains  are  28,000  feet  high. 
These  are  brightly  illuminated  on  one  side  by  the  sun ;  and  from 
the  absence  of  diffused  daylight,  owing  to  the  want  of  an  atmosphere, 
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the  further  side  is  in  Bhadow  of  inienae  Uadkness ;  an^  ^ni  the 
same  cause  the  sky^  as  seea  from  tiie  moon,  would  appear  perfectly 
dark,  the  stara  being  always  visible. 

The  ds^in^e  moon  is  a  fortnight  in  duration,  and  during 
period  the  temperature  on  the  illuminated  side  would  pro- 
Imbly  rise  to  220°  Fahrenheit,  or  hotter  than  boiling  water.  The 
night  would  be  of  equal  length,  and  during  this  time  the  heat, 
from  the  absence  of  aqueous  vapour  and  atmosphere,  would  be 
radiated  freely  into  space,  and  the  temperature  would  fall  to  that  of 
space,  viz.,  to  300°  below  zero  Fahr.  The  absence  of  air  and  water 
in  the  moon  would  render  impossible  the  existence  of  animal  and 
vegetable  life  corresponding  to  that  which  prevails  on  our  globe. 

The  use  of  the  moon,  as  a  satellite  of  the  earth,  is  usually 
regarded  as  being  that  of  a  luminary,  but  from  its  variable  action 
this  use  must  be  regarded  as  secondary.  Its  vaJue  as  inducing 
the  tides  and  currents  of  the  ocean  is  of  greater  importance,  both  as 
conducing  to  the  sanitary  condition  of  the  sea,  and  as  aiding  transit 
in  rivers,  by  the  ebb  and  flow  of  the  tide.  At  the  conclusion  of  the 
lecture,  mr.  Nasmyth  illustrated  the  formation  of  the  radiating 
cracks  on  the  moon's  surface,  by  congealing  water  in  a  thin 
glass  globe  hermetically  sealed — when  it  cracked  in  lines  radiating 
from  a  single  point — the  cracks  in  the  moon  being  attributed  to  the 
contraction  of  its  external  hardened  crust  during  the  period  of  its 
rapid  congelation. 

June  10. 

New  Magnetic  Experiments. — Professor  Tyndall  concluded  the 
series  of  Friday  evening  discourses,  at  the  Royal  Institution,  by  a 
Lecture  '*  On  a  New  Magnetic  Experiment.'*  After  demonstrating 
the  familiar  properties  of  magnetized  bodies,  he  entered  into  a  con- 
sideration of  the  changes  of  arrangement  which  the  molecules  of  a 
piece  of  soft  iron  must  undergo  when  it  is  converted  into  a  tempo- 
rary  induced  magnet,  by  the  passage  of  a  current  of  electricity 
through  the  coils  of  copper  wire  surrounding  it.  These  molecular 
changes  are  proved  by  the  fact  that,  when  a  bar  of  sofb  iron  is  mag- 
netized and  demagnetized,  in  succession,  by  rapidly  breaking  and 
remaking  the  current  in  the  surrounding  coil  of  wire,  it  is  thrown 
into  a  state  of  vibration  which  produces  a  sound  in  the  air.  This 
alteration  of  the  molecular  arrangement  was  supposed  by  Ampere  to 
be  attended  with  a  shortening  of  the  bar  of  soft  iron.  Mr.  Joule, 
however,  has  proved  that  the  bar  is  actually  lengthened  when  it  is 
converted  into  an  induced  magnet.  The  experiment  demonstrating 
this  fact  was  shown  in  public  for  the  first  time. 

A  bar  of  sofb  iron,  two  feet  in  length,  was  fimdy  secured  in  an 
erect  position.  On  its  upper  extremity  was  a  vertical  rod  of  brass,  the 
lower  end  of  which  rested  on  the  top  of  the  iron  bar ;  the  upper, 
tipped  with  a  steel  point,  pressed  against  a  small  plate  of  agate, 
near  the  fulcrum  of  a  horizontal  lever.  At  the  distant  end  of  the 
lever  was  a  very  fine  wire,  which  was  kept  coiled  around  an  axis  by 
the  tension  of  a  fine  hair  spring.  This  axis  turned  a  small  mirror. 
The  action  of  this  exceedingly  delicate  instrument  is  eaoly  ex- 
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plained.  When  a  current  of  electricity  is  sent  in  a  coil  aronnd  tlie 
iron  bar,  a,  only  the  upper  end  of  which  is  shown  in  the  diagram,  it  is 
lengthened  to  a  very  minute  degree,  consequently  it  presses  up- 
wards the  brass  rod,  5,  and  this  acting  on  the  lever  raises  the  free 
end,  uncoiling  the  wire  round  the  axis,  and  bringing  the  mirror,  o,  to 
a  position  more  nearly  approaching  the  perpendicular.  Thila  action 
JBaofliiglii  £tmi^  reader  it  yisiMe  to  ifao  uadwmrmf  a  hanmamiaX 
ray  of  Hght,  diown  in  tiie  dkgi«m  liy  a  dotted  Hne,  was  reflected 
from  the  mirror  on  to  a  screen  at  some  distance,  when  the  sli^i^btest 
movement  of  the  mirror  was  rendered  evident  by  the  alteration  in 
the  position  of  the  ray,  d.  On  magnetizing  the  iron,  the  reflected 
ray  was  depressed,  and  on  breaking  the  current  the  ray  returned 
to  its  original  position. 

So  exceedingly  delicate  was  the  entire  apparatus,  that  the  sec- 
tion of  1^  few  drops  of  warm  water  from  a  pipette  upon  the  iron  bar, 


[ 
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produced  an  immediate  depression  of  the  reflected  ray.  The  proba- 
ble explanation  of  the  lengthening  of  the  iron  bar  under  the  influence 
of  the  electric  coil  is,  that  the  particles  have  a  tendency  to  arrange 
themselves  along  the  lines  of  magnetic  force,  in  the  direction  of  the 
bar.  This  explanation  is  supported  by  a  beautiftd  experiment  of 
Mr.  Grove's,  which  was  also  shown  for  the  first  time  at  Professor 
Tyndall's  lecture.  A  cylinder,  with  glass  ends,  was  filled  with  a 
mixture  of  magnetic  oxide  of  iron  and  water.  This  formed  a  muddy 
liquid,  through  which  a  ray  of  light  could  hardly  pass.  On 
placing  this  in  the  centre  of  an  electric  coil,  it  was  found  that  on 
making  the  current  the  particles,  being  free  to  move,  arranged 
themselves  in  the  direction  of  the  axis  of  the  cylinder,  and  the  ray 
of  light  passed  through  with  less  obstruction.  On  breaking  the 
current  in  the  coil,  the  liquid  again  became  muddy  and  opaque. 
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ENTOMOLOGICAL  SOCIETY.— Jime  6. 

Aetihcial  MoDinoATioN  OP  Wasps'  Nbsts,  and  LffTELLiGEKCB  in 
THE  Honet-Bee. — Mr.  Smith,  of  the  British  Mnsettm,  exhibited  a 
very  carious  series  of  boxes.  These  were  from  eight  to  ten  inches 
in  height  and  width,  and  had  either  on  one  or  two  sides  glass,  as  in 
cases  intended  for  staffed  animals.  Liside  of  these  there  were 
wasps'  nests,  which  were  most  singular  in  their  arrangement.  Borne 
looked  like  the  pillars  of  a  cathedral,  others  reminded  the  spectator 
of  limestone  caverns,  and  a  third  called  up  decided  reminiscences 
of  Stonehenge.  These  remarkable  structures  had  been  formed  in 
each  case  by  one  set  of  Wasps.  They  had  been  sent  for  the  in- 
spection of  the  society  by  Mr.  Stone.  He  found  that  he  could 
ensure  the  construction  of  wasps'  nests  wherever  he  chose  to  make 
chambers  in  the  earth  suitable  for  the  queen  wasp  to  build  in. 
When  a  nest  has  been  made,  he  takes  it  from  the  earth,  puts  it 
in  one  of  the  boxes  prepared  for  its  reception,  and  allows  the  wasps 
to  work  in  it  as  long  as  he  wishes,  which  is  generally  only  a  few 
days.  The  precise  manner  in  which  he  determines  the  plan  of  their 
building  was  not  mentioned.  It  appeared,  however,  that  wires 
formed  the  foundation  of  the  architecture,  and  that  the  wasps  sur- 
rounded these  with  the  masticated  wood  of  which  they  construct 
their  nests.     The  forms  obtained  were  ingenious  and  interesting. 

Mr.  Tegetmeier  described  an  example  of  intelligence  in  the 
honey-bee  which  has  hitherto  escaped  observation.  It  is  well 
known  that  a  swarm  of  bees  often  take  possession  of  an  old  tenant- 
less  hive  filled  with  comb,  having  previously  visited  the  hive  and 
cleaned  away  the  refose  materials  and  damaged  portions.  On 
placing  a  fi^ime-hive,  in  which  old  combs  had  been  artificially 
attached,  near  a  stock  that  was  expected  to  throw  off  a  swarm,  it 
was  seen  that  the  bees  visited  ii^  and  that  numerous  scales  of 
newly-secreted  wax  were  found  on  the  floor-board.  This  led  to  an 
attentive  examination  of  the  combs,  and  it  was  discovered  that 
new  white  wax  had  been  secreted  in  the  empty  hive,  and  that  this 
had  been  employed  in  repairing  the  combs,  particularly  in  cement- 
ing them  more  securely  to  the  top  of  the  hive,  their  attachment 
being  strengthened  at  that  point  where  the  greatest  weight  would 
have  to  be  sustained  when  the  combs  should  be  filled  with  young 
brood,  honey,  and  pollen.  It  appears  an  extraordinary  instance  of 
foresight  and  intelligence,  as  distinct  from  unreasoning  instinct, 
that  the  bees,  when  proposing  to  send  out  a  swarm  to  tenant  a  new 
residence,  should  not  only  clean  the  hive,  but  send  a  relay  of 
worker-bees  to  cluster  and  secrete  wax  in  order  to  strengthen  the 
combs  at  that  part  where  the  greatest  weight  will  have  to  be 
supported. 


GEOLOGICAL  SOOIETT.— Jwn^?  8. 

On  the  Geological  Structure  op  the  Malvern  Hills  and  Adja- 
cent District.    By  Dr.  Harvey  B.  Holl.— The  o^'ect  of  this  com- 
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mnnicatioii  was  to  disoass  the  stmctare  and  origin  of  the  crystalline 
rocks  of  the  Malvern  Hills,  to  give  the  resulte  of  an  examination 
of  the  superposed  PalsBOzoio  strata,  and  to  state  the  chronological 
relationship  of  the  several  events  in  their  geological  history. 

It  was  concluded  that  the  rocks  hitherto  treated  of  as  syenite^ 
and  supposed  to  form  the  axis  of  the  range  of  hill,  are  in  reality 
of  metamorphio  origin,  consisting  of  gneiss  (both  micaceous  and 
homblendic),  mica-schist,  hornblende-schist,  etc.,  all  invaded  by 
veins  of  granite  and  trap-rocks.  It  was  then  shown  that  the  Holly- 
bush  Sandstone  is  the  equivalent  of  the  Middle  Lingula-flags,  and 
that  the  overlying  black  shales  correspond  with  the  Upper  Lingula- 
beds,  the  whole  being  overlaid,  as  in  Wales,  by  Dictyonema-shales. 
These  rocks,  on  the  east  of  the  Herefordshire  Beacon,  are  altered 
by  trap-dykes,  which  were  shown  to  be  of  later  date  than  those 
traversing  the  crystalline  rocks  before  alluded  to.  Allusion  was 
next  made  to  the  Upper  Llandovery  strata,  which  overlie  uncon- 
formably  the  Primordial  rocks  just  noticed ;  after  which  the  several 
faults  in  the  district  were  described  in  detail. 

Dr.  Holl  concluded  with  some  remarks  on  the  general  relations 
of  the  rocks  of  the  Malvern  Hills  with  those  of  the  surrounding 
districts,  describing  the  successive  physical  changes  supposed  to 
have  been  consequent  upon  their  deposition  and  their  subsequent 
elevations  and  depressions. 

Specimens  of  the  new  mineral  termed  Langite,  a  basic  sulphate 
of  copper,  were  exhibited  by  Professor  Maskelyne. 


BOTAL  SOCIETT,— /ww  9. 

Human  Rbmains  ik  the  Cavbrk  op  Bbukiquel. — ^Professor  Owin 
described  his  investigations  in  the  cavern  at  Bruniquel,  in  which 
human  remains  occur,  with  those  of  extinct  and  other  animals,  both 
being  associated  with  bone  and  flint  implements.  Professor  Owen 
argued  that  these  human  and  extinct  animal  remains  were  contem- 
poraneous, as  shown  by  their  relative  position  in  this  cavern,  and  by 
the  similarity  in  their  chemical  composition. 

The  remains  found  in  this  cavern  were  those  of  numerous  indi- 
viduals, the  skulls  corresponding  more  closely  to  the  Celtic  type 
than  to  any  other  known  form.  As,  in  most  primitive  races,  the 
digestibility  of  the  food  appeared  to  be  but  little  aided  by  the  pro- 
cess of  cooking,  as  the  molars  were  worn  down  to  the  stumps  far 
beyond  the  enamel,  exposing  the  osteo  dentine,  which,  however, 
did  not  show  any  signs  of  decay. 


Microscopic  Soib£e  at  Afothecabies'  Hall. — ^The  Master  and 
Wardens  of  the  Apothecaries'  Company,  gave  a  very  successful  and 
numerously  attended  scientific  entertainment  on  the  31st  of  May. 
All  the  principal  makers  of  microscopes  were  well  represented  on 
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tlie  occasion,  and  the  collection  of  olrjects  was  veiy  good.  The 
principal  novelties  were  an  opthalmoscope,  by  which  the  Teasels  in 
the  interior  of  a  rabbit's  eye  were  distinctly  seen ;  a  new  aneroid,  by 
Mr.  Browning ;  and  a  beaatifiil  diffiraction  apparatas,  by  Messrs. 
Home  and  Thomthwaite.  The  two  last  deserve  a  much  longer 
notice  than  we  can  g^ve  them  in  this  place.  The  aneroid,  which 
we  hope  to  describe  fxdly  another  time,  is  a  stationary  instmment 
of  extreme  delicacy,  enabling  small  oscillations  to  be  read  off  on  a 
large  scale,  and  admirably  adapted  for  noting  the  exact  progress  of 
atmospheric  waves  during  a  storm. 

Mb.  Db  la  Rue's  AsteonomicaIi  Boie4e. — On  Saturday,  Jmie  4, 
Mr.  Warren  De  la  Rue,  the  President  of  the  Royal  Aslronomical 
Society,  held  a  reception  at  Willis's  Rooms,  which  was  attended  by 
a  very  numerous  and  distinguished  company.  The  arrangements 
were  made  with  great  liberality  and  good  taste,  and  a  variety  of 
important  and  interesting  objects  were  brought  together.  Mr. 
Nasmyth  exhibited  some  large  and  wonderfhl  drawmgs  of  lunar 
craters  ;  Earl  Rosse  sent  sketches  of  nebul®,  and  the  walls  were 
adorned  with  some  sin^arly  beautiftil  landscapes  of  Turner. 
Steinheil  sent  a  Gbuss  object-glass  upon  the  pattern  mentioned  in 
a  former  number  of  this  journal,  and  Merz  sent  a  10-inch  object 
glass ;  Cooke  and  Sons  showed  some  fine  telescopes,  and  a  new 
arrangement  for  obtaining  a  dark  field  illumination;  Messrs. 
Troughton  and  Sons  exhibited  instruments  for  the  Indian  Survey, 
among  which  was  an  enormous  theodolite  in  aluminium  bronze. 
Mr.  Browning's  new  aneroid  attracted  great  attention,  and  he  also 
exhibited  some  splendid  prisms,  one  on  a  large  scale,  being  con- 
structed of  quartz,  and  made  for  Mr.  G^LSsiott,  who  was  fortunate 
in  securing  a  crystal  of  rare  dimensions  and  unusual  freedom  from 
ootical  defects.  Messrs.  Home  and  Thomthwaite,  in  addition  to 
their  difiraction  apparatus,  for  which  Mr.  Bridges  designed  the 
figures,  exhibited  a  new  form  of  polariscope  capable  of  lowing  a 
much  wider  range  of  effects  than  the  usual  patterns  allow  to  be 
seen,  and  in  a  manner  that  commanded  universal  admiration.  Mr. 
De  la  Rue  exhibited  a  complete  collection  of  his  astronomical 
photographs.  Messrs.  Powell  and  Lealand,  Ross,  and  Smith  and 
Beck  brought  their  microscopes,  the  latter  showing  the  pupa  of 
the  flea  and  the  Acarus  Grossii.  There  were  also  specimens  of  the 
long  focus  telescopes'  that  preceded  the  achromatics,  and  numerous 
ins^ments  of  the  most  modem  designs.  Mr.  Ladd  exhibited  some 
fine  effects  with  vacuum  tubes. 
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Ths  CoirsBBYATioir  OP  PoixsN.~M.  Belhomme  detaili  to  the  French  Academy 
numeroQs  experimente  on  the  "  penistenee  of  the  fecundating  power  of  pollen. 
He  gathers  anthers  in  dry  weather,  at  the  moment  when  dehiscence  begins,  seals 
them  up  in  bottles,  and  places  the  bottles  in  a  dark,  diy  place,  in  which  tiie  tem- 
perature will  not  eioeed  6^  or  8^  C.  The  pollen  grains  that  have  been  successfully 
preserred  remain  slightly  moist^  those  which  hare  dried  so  that  they  do  not  aa« 
here  slightly  to  the  skin,  and  those  which  fall  like  dust,  are  spoilt.  He  haf 
prored  that  the  pollen  of  the  lily  tribe  can  preserve  its  fertility  for  flvo  or  six 
years,  that  of  the  musacee  he  has  preserved  for  six  years,  of  the  borage  tribe  one 
year,  and  of  the  potato  tribe  two  years,  of  caotmes  three  years,  and  of  the  rose 
and  bean  tribes  two  years. 

Dbtiation  07  CoMBTS*  Tails. — M.  Tabs  shows  that  the  tails  of  Comets  iv. 
and  v.,  1863,  deviated  from  the  planes  of  their  orbits.  He  adverts  to  two  other 
comets  in  which  the  same  fact  was  ascertained. — Comptei  Bendus,  No.  19,  1864. 

Vva  OF  Elbctbioity  nr  Bbisht's  Diss  abb.— M.  Namias  communicates  to 
the  French  Academy  a  case  in  which  the  obstacle  to  the  separation  of  urea  from 
the  blood  was  removed  by  the  application  of  gal? anism  to  the  loins  of  the  patient 
for  half  an  hour.  Twelve  of  Daniell's  cells  were  employed,  and  the  quantity  of 
urine  and  urea  much  increased.  More  albumen  was  also  secreted,  but  M.  Namias 
states  that  this  was  of  small  oonsequenoe  compared  with  the  benefit  resulting  from 
a  greater  elimination  of  urea. 

Alyak  Clabx  on  thb  Sun  and  Stabs. — Mr.  Alvan  Clark  views  the  solar 
image  in  a  dark  chamber.  The  sunlight  is  admitted  through  a  vertical  aperture, 
received  by  a  prism,  and  reflected  horizontally  on  to  a  pleno-oonvex  lens.  The 
solar  image  thus  obtained  is  viewed  from  a  distance  of  280  feet,  and  its  diameter 
reduced  98,840  times,  being  then  scarcely  equal  in  illuminating  power  to  a  Lvra 
(Vega).  Making  allowance  for  loss  of  light  through  the  apparatus  employed,  Mr. 
Clark  considers  that  if  the  sun  were  removed  103,224  times  his  actual  distance 
from  us,  he  would  not  give  us  more  light  than  the  star  in  question,  and  this 
distance,  he  observes,  ii  not  half  the  presumed  distance  of  the  nesrest  fixed  star. 
He  also  alleges  reasons  for  supposing  that  our  sun  may  be  a  small  star  in  com- 
parison with  some  of  the  millions  of  other  stars  that  inhabit  space. 

Stbuyb  on  thb  Coscpanion  07  SiBirs. — In  the  Monthly  NoHeea  will  be 
found  a  paper  by  M.  Struve  detailing  his  observations  on  the  satellite  of  Sirius. 
The  average  of  good  observations  in  1868  gave  10"'14  as  the  distance,  and  80''*6  as 
the  position ;  while  the  averase  of  good  observations  in  1864  yielded  10"'92  dis- 
tance 74**'8  position.  According  to  which  the  annual  change  of  distance  is  O"*??, 
and  of  position  °5'7. — This  nearly  coincides  with  Mr.  Safibrd's  calculations,  based 
on  the  supposition  that  there  is  no  physical  connection  between  the  two  stars.  M. 
Struve  does  not,  however,  consider  this  view  established,  and  suspends  his  judg- 
ment till  next  year. 

Habits  of  Wasps. — Professor  B.  L.  Edgworth  has  a  paper  in  the  AnnaU  of 
Natural  HiHory  on  Irish  wasps,  in  which  he  denies  the  statement  of  Beaumur, 
repeated  by  Eirby  and  Spence,  that  at  the  first  cold  of  winter,  wasps  kill  their 
young.  Be  says  possibly  the  grubs,  in  some  rare  cases,  may  have  been  killed  by 
an  early  frost,  and  it  may  have  been  thought  they  were  intentionally  slain.  He 
states  that  the  wasps  are  hatched  before  cold  weather  usually  begins.  The  love 
they  display  for  their  young,  and  the  place  of  their  birth,  he  characterizes  as  veiy 
remarkable,  and  he  adds  that  they  soon  become  fiimilisrized  with  any  animal  or  man. 
In  one  instance  he  tells  us  that  a  field-mouse  and  a  nest  of  wasps  shared  a  common 
hole,  without  injury  to  the  former.  The  presence  of  other  wasps  does  not  appear 
to  disturb  their  equanimity,  and  in  one  case  he  planted  four  colonies  together, 
and  they  all  flourished.  He  sJso  bisected  two  nests  and  put  the  halves  of  dis- 
similar nests  together.  The  wasps  sutrounded  both  halves  with  a  common 
shell,  and  made  one  nest  of  it. 
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AonoN  OF  ToBlooo  ok  thb  Pttlsb.— M.  Becaunestatesy  in  Oompisi  JEiendui, 
that  in  the  ooone  of  three  yean  he  haa  met  with  twentj-one  cases  of  intermittent 
pnise  oocurring  among  eighty-eight  incorrigible  smokers,  and  independent  of  an 
organic  disease  of  the  heart.  Me  ddls  the  affection  thus  induced  by  the  abuse  of 
tobacco,  '*  Narcotism  of  the  heart." 

BoUDE  OP  Mat  14.— ^At  N^rao,  on  this  date^  a  retry  luminous  bolide  was  seen 
in  the  erening,  and  four  or  five  minutes  after  its  passage  a  powerful  detonation 
w|w  heard,  accompanied  by  a  rumbling  like  thunder.  At  St.  Glar  the  light  was 
so  brilliant  at  8h.  18m.  as  to  give  rise  to  the  idea  thaX  the  Tillage  was  in  flames, 
and  the  meteor  looked  nearly  as  bi^  as  tiie  fi^  moon.  It  left  a  train  behind  it, 
which  gradually  disappeaied,  and  in  the  course  of  ten  minntes  a  noise  was  heard 
like  the  discharge  ot  a  cannon.  Letters  from  Astaffont,  Sauzon,  and  Blois 
reached  M.  Le  Yerrier  with  analogous  particulars.  The  Ouz^  of  la  Magdeleine 
describes  the  meteor  as  opening  like  a  bouquet  of  fireworks.  Superstitious  folks 
thought  the  world  was  coming  to  an  end.  M.  Daubr^e  observes  that  the  interval 
between  the  appearance  of  the  meteor  and  the  noiie  was  two  minutes  at  St.  Clar 
(Ger),  three  to  four  at  Asen,  and  at  Asts^ont  (Lot  et  Garonne)  four  minutes. 
fVom  these  data  he  condudes  that  the  explosion  took  place  at  a  great  elevation 
and  in  a  highly  rarified  atmosphere.  M.  Brongniart  made  observations  at  Fisors 
(Eure),  from  which  he  estimated  the  meteor's  height  when  the  explosbn  occurred 
at  about  30,000  metres.  He  states  that  at  the  close  of  the  phenomena  there 
was  a  fall  of  stones,  several  of  which  were  picked  up.  M.  Flammarion,  writing 
in  CosmoSf  states  tbat  this  meteorite  contained  carbide  of  iron,  and  belonged  to 
a  rare  type.  Numerous  letters  on  this  subject  will  be  found  in  Compte*  SenduSf 
No.  1, 1864 ;  and  also  in  No.  21,  in  which  M.  Laussedat  details  his  efforts  to  com- 
pute the  size  and  tnyectory  of  the  meteor.  He  finds  numy  of  the  reports  irre« 
oondlable,  but  by  combining  an  obserration  made  at  N^rao  with  another  at 
Tombebceuf,  near  Miramont,  he  considers  the  bolide  must  have  been  near  the 
meridian  of  N^rac,  and  about  100  kilometres  high. 

Thb  Akaohibxs  ih  Floweb. — It  is  commonly,  though  not  correctly,  said 
that  the  Anaoharis  alsinastrum  does  not  flower  in  this  country.  It  will^  therefore, 
interest  our  readers  to  learn  that  Mr.  Mumbray,  of  Bichmond,  has  recently  ob» 
tained  specimens  in  flower  from  the  Hampstead  ponds.  The  flower,  which  is 
borne  at  the  end  of  a  thread-like  stalk,  is  an  elegant  object  when  viewed  with  an 
inch  power.  The  ponds  on  the  Lower  Heath  contain  abundance  of  specimens. 
The  Anaoharis  belongs  to  the  Hydrocharis  family,  in  which  the  flowers  are  uni* 
sexualy  and  it  is  the  znale  flowers  that  have  not  been  seen  in  England. 

Cube  oe  Febsilb  Cephalalgia. — ^M.  Guyon  communicates  to  the  French 
Academy  cases  in  which  the  acute  head  pains  in  fever  have  ceased  on  the  applica- 
tion  of  pressure  to  the  temporal  arteries.  A  steel  band,  passing  half  round  the 
head  and  fumished  with  little  cuifaionsi  he  finds  a  convenient  mode  of  making 
the  application. 
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AbbbtHiLS  jaw,  the,  457.       * 
Acantbopterjgii  or  perches,  258. 
Aoeplialoos  anxmak,  67. 
Aohlja  prolifera  on  dead  Balamander, 

148. 
Achlya  spores,  148. 
Aoineta,  a  supposed  new,  340. 
Aerial  Kayigation  Sooiety,  146. 
Aerolites  with  low  relocities,  128. 
Agarious,  genera  resemblingi  2. 
Agricultore,  phosphates  used  in,  278. 
Agriculture,  principles  of^  379. 
Air  of  Manchester,  carbonic  acid  in 

the,  141. 
Air,  osone  produced  by  agitation  of 

tHe,  305. 
Albumenued  paper  and  glass,  234. 
Albumen  process,  toning  bath  for,  885. 
Alderia  modesta  found  on  salt  marshes, 

84. 
Alyan  Clark  on  the  sun  and  stars,  465. 
Amphipodous  crustaceans,  80. 
Amplification,  best  mode  of  obtaining, 

829. 
Anabas,  the  climbing,  146. 
Anacalypta  mosses,  8. 
Anachans,  the,  in  flower,  466. 
Anasthetios,  new,  805. 
Anchoring  moUusks,  215. 
Ancient  habitations  in  Anglesea,  224. 
Andes,  new  pass  oyer  the,  888. 
Angle  of  ap^ture,  advantages  of,  329. 
Anrlesea,  ancient  habitations  in,  224^ 
Anulne  yellow,  and  aniline  blue,  145. 
Animal  creation,^  power    of  God  in, 

456. 
Animalcules,'  escape  of,  from  freedng 

to  death,  58. 
Animalcules,  natural  history  of  hairy 

backed,  887. 
Animals,  grafting,  885. 
Annelids,  enmity  between  Corophium 

and,  29. 
AVTHBOPOLOaiOAL      SociXTT.  —  The 

theory  of  natural  selection  as  applied 

to  the  human  races,  228. 
Antoione,  osone  and,  806. 
Ants,  white,  in  St  Helena,  62. 
Aphanomyces  spores,  149. 
Apple  mosses,  258. 
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ABOHJBOLoaiOAL  IvBTiTim. — ^Ancient 
habitations  in  Anglesea,  224. 

Archiyes  of  medicine,  875. 

Are  diiferent  bodies  luminous  at  the 
same  temperature?  65. 

ArenarisD  found  in  salt  marshes,  27. 

Armadillidium,  habits  ot,  31. 

Armstrong  guns,  119. 

Art,  the  ranctions  of^  356. 

Artificial  islands  in  Lish  lakes,  171. 

Artificial  rainbow,  146. 

Artillery  experiments,  118. 

Ascent  of  Mr.  Glashier,  66. 

Asoobolus,  beautiful  species  of,  1« 

Asplanchna,  Tonicity  of  the,  182. 

Aster  tripolium,  27. 

Astronomical  soir^,  464. 

Abtbovoict. — ^We  never  see  the  stars, 
47  ;  dusters  and  nebulsD,  54;  double 
star,  58  ;  the  great  nebula  in  Orion, 
58 ;  comparison  of  sun  and  stars,  60; 
occultation,  62 ;  the  midnight  sun, 
95;  aerolites  with  low  velocities, 
128 ;  constancy  of  solar  licht  and 
heat,  129 ;  dusters  and  neb^s^  188 1 
double  stars,  188 ;  oocnltations,  140; 
shooting    stars   in    the  two  hemi- 

rires,  145;  the  moon,  198; 
ets  of  the  month,  206 ;  double 
star,  206;  occultations,  206;  star- 
following  with  table  stands,  290; 
solar  observation,  292 ;  transits  of 
Jupiter's  satellites,  299 ;  the  earth 
as  seen  from  the  moon,  824 ;  star- 
following,  888  ;  Gantier  on  the  phy- 
sical constitution  of  tiie  sun,  845; 
neighbourhood  of  the  lunar  spot, 
Mue  orisium,  859 ;  transits  of  Jupi- 
ter's satellites,  868;  occultations, 
868 ;  solar  observation,  484 ;  colours 
of  stars,  486 ;  constitution  of  nebule^ 
448;  transits  of  Jupiter's  satellites, 
448 ;  Bomsey  Observatory,  445. 

Astronomy,  outlines  ot,  455. 

Atmosphere,  our,  and  the  ether  of 
space,  211. 

Atriplex,  species  of,  on  salt  marshes, 
27. 

Aurotype^  the,  287. 

Austraha,  ethnology  o(  141. 
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Automatio  weigbing  at  the  Boyal  ldxt| 

Azimntli  of  the  lun,  ezplanatLon  of  an, 
168. 

BASOOSAPHat  Kew,  828. 

Barometers,  teiting,  820. 

Baitramia  pomifonniB  and  other  species 
of  apple  mots,  268. 

Batracnoipennimi,  speoimen  of,  13. 

Beale  on  blood  corpuscles,  65. 

Belgian  aerolites,  128. 

Biras  gregarious  in  winter^  20. 

Birds  in  suburbs  ofliondan,  17. 

Blood  ootposoles,  Beale  on,  6&. 

Blood  corpuscles,  shaj^  o^  278. 

Blood  oorpusoles,  white^  6^ 

Blood,  entoioa  in  faoman,  142. 

Blood,  germinal  ma^r  in  the^  272. . 

Blue,  aniUne,  146. 

Boletos,  geoera  resambliBg,  SL 

BoUde  of  May  14th,  466. 

Bones  found  in  Swiss  Ues,  175. 

Bones  imported  for  manure^  275. 

BoTAirr. — A  new  British  fungus,  1 ; 
the  mosses  Anaealjptaaiid  Fottia,  8; 
mosses  Ghrimmia  and  Schistidium, 
106;  the  eztingaishar  nossse,207; 
Oyoads,  246  $  mosses  to  be  found  in 
TiMjt  cord  mosses,  i^ple  mosses, 
258;  lessons  on  elemMitarf  botany, 
878 ;  tha  side-fruiting  mosses,  410. 

Bowenja  speotabilis,  246^ 

Bow*  and  arrows  ineonTsnieatin  war, 
114. 

Brain,  how  it  does  its  woi^  186. 

Bright's  disease,use  of  elactrioitj  in,465. 

British  fungus,  a  new,  1« 

British  molluaea,  dentition  o(  67* 

BroDxe  age,  antiquity  of  the,  177. 

Bronxe  coins,  weights  aad  dimfmsions 
0^78. 

Bruniquel,  human  fossib  found  at,  65. 

Bmniquel,  human  ronains  in  the 
oayem  of,  468 

Bn£b  calamita  (nattenaek)  in  Ireland, 
227. 

BysBUB  of  mussel,  importuioe  oi^  216L 

CAxaum  wonn,   the^  and  its  honses, 

807. 
Gaddis  flies,  egp  o(  16. 
Gage  birds,  cunous,  19. 
Oaloium,  pffepaxation  of,  221* 
Oalttnaa  Ifioobariea  (Nioobar  pigacm), 

848. 
Oalotype,  284. 

Osnada  balsam,  for  mounting,  880. 
OapedelaHere,  eleotrioal li^t  a^l46. 
Carbon  modifies  the  ohanctcr  of  inwu 

421. 


Oarbon  process  in  photography,  287. 

CSarbonic  acid  in  thid  air  of  Manchester, 
141. 

Caiinaria  shells,  high  price  of,  215. 

Oase  hardening  by  arsenic,  424. 

Oases  of  the  cSuidis  worm,  807. 

Oast  iron,  422 ;  mending  broken,  428. 

Oatylissotype,  the^  288. 

Oatoscopium  nigritnm  (moss),  267. 

Oercaria  podura,  888. 

Oercopithecus  fuliginosus,  entosoa  in 
blood  o(  148. 

Oerebellum,  functions  of  the,  884. 

Ohtttonotus,  description  o£  the  genus, 
890. 

Ohetonotidtt,  natural  history  o^  887. 

Oheap  obser?atory,  241. 

Ohina  rose  near  London,  19. 

Ohironomus  plumosus,  16. 

Ohiton  discrepans,  dentition  of^  70. 

Ohrysotype,  287. 

Ciliary  stomach  cnirents  of  A  splarichna» 

184. 
Oindns  aquatioos  (water  bkckbird),  19. 
Circulation,  yiewing  a  tadpole,  886, 
ClaTaiia  rennicnlaris  (fungus),  2. 
Climbing  anabas,  145.  • 

Olimaoium  dendroides  (moss),  418. 
Climate  of  the  moon,  469. 
Clupea  harengus  (herrinp),  868. 
Codfish  and  other  cnenuesof  herrings, 

870. 
Colours  of  stars,  436. 
Collodion  process,  moist,  236 ;  dry,  286. 
Collins'  binocular  microscope,  226. 
Comets   lY.  and  Y.,  18^,*  common 

origin  o(  804. 
Comets  whose  orbits  haTe  not  been  cal- 
culated, 218,  878. 
Comets'  tails,  deviation  oi^  465. 
Condensation  of  yapoun,  482* 
Conferys  in  ice,  51. 
CoDiferyBd,  molecular  motion  in,  271. 
Conus    g^oria-maris  sheila,  highprioe 

oi;216. 
Coins,   weights    and    ^'"*i^^^tm   of 

British,  78 
Gopan,  ruins  o^  88. 
Copper  coinage,  old,  78. 
Co|^olitas,  a  source  of  phosphate  of 

hme,  276. 
ConJs,  fossil,  of  the  West  Indie^880. 
Cord  mosses,  258. 
Gorophium  longicome  in  salt  marshcsj 


Cothumian,  840. 

Grangon  yulgaris  (common  shrimp),  82. 

Gray-fish,  artificial  breeding  o^  855. 

Crime,  insanity  and,  181. 

Grithmum  maritimum  (samphire),  26L . 

Crocodile,  greaii  of  tba  Oolilie^  885. 
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Oronbill,24. 

OmBtaoea^  h<»aw«g  of,  905. 

CiTptogamiA)  1. 

Cuba,  fioanditj  in,  806. 

Pycada,  246. 

Qrcaa  xerolnta,  oultiTated  at  Dsesden, 

251. 
Cjlindrothedam    Montagnei    (moaa), 

418. 
Oypiideia  toroea  on  salt  marnhfli,  81. 
C^pnea  Eoropea,  teeth  of,  67. 
C^itopus,  active  spores  oi^  148. 
C^there,  beautiM  oi,  32. 

Baouxbbbottfs,  157. 
Daguerreotype  process,  233. 
Dasydytes,  description  of  tlie  geniu, 

399. 
Daylighti  oontinuous,  101. 
DayS|  unequal,  in  diiferent  latitndes, 

98. 
De  la  Bue's  astronomical  soir^,  4&L 
Dentition  of  British  mollusca,  67. 
Desmids,  swarming  process  of,  271. 
Dichelyma    capillaceum     and     other 

species  described,  411. 
DidunooluB,  or  Uttle  Dodo,  840. 
Difflugian   rhisopods,    yariations    in, 

304. 
Dion  edttle,  starch  from,  252. 
Disceliom  nudum  (naked  apple  aoss), 

268. 
Disease^  deficienoy  of  yital  power  in, 

875. 
Diatoma  lunnatobium,  ova  of,  14  8 
Dodo,  the  tittle,  846. 
Dreissena  polymorpha  (mussel),  315. 

Eagio,  keen  siffht  of  the>  49. 

Earth,    our,    aiffiBrence   between   its 

phases  and  those  of  the  moon,  326. 
Burth,  sixe  and  figure  of  the,  884. 
Barth,  the,  as  seen  from  the  moon,  324. 
Earthquake  at  Mendoza^  20th  March, 

1861,  85. 
Earthquake  in  Sussex,  385. 
Bohinoderai  description  of  the  genus, 

408. 
Education  of  ppiders,  146. 
Egg    parasites    and    their  relatives, 

147. 
Electrical  light  at  Capede  la  Here, 

146. 
Electricity  in  Bright's  disease,  uaeo^ 

465. 
Encalypta  Tulgaris  (moss),  207;  speciM 

of  described,  206. 
Encaustic  photography,  241. 
Encephalartos  Caifer,  247. 
EncephalouB  animals,  67. 
Enfield  riflea,U6. 


Engvaring,  Vial's  process  of,  226. 

EsTOicoLoaiOAii  Boohty.— 'IntrodoB- 
tion  of  white  ante  into  St.  Helena, 
62;  probable  new  source  of  silk, 
148 ;  artificial  modification  of  wacps' 
nests  and  inteUigeaoe  in  the  honey 
bee,  462. 

Entomostraoa  of  salt  marshes,  31. 

Entozoa  in  the  human  blood,  142. 

Equatoraals,  portable,  166. 

Escape  from  the  earthquake  of  IDen- 
doza,89. 

Essential  oUs,  preparation  of,  63. 

Ether  of  space  and  our  atmosphere,  211, 

Ethnolo&ioal  Soomr.— The  Tarie- 
ties  of  man  in  the  Indian  Archipela^, 
141;  on  the  ethnology  of  Australia, 
141. 

Ethnology  of  Australia,  141. 

Euglena  pyrum  in  the  stomach  of  As- 
planchna,  183. 

Exogenous  seeds  and  fern  spores,  883. 

Explosion  at  LiTerpool,  66. 

Eye-piece,  Dawes^s  solar,  484. 

Baoib  about  iron,  419. 

Eairbaimon  iron  girders,  304. 

Eebrile  cephalalgia,  cure  o(  466 

Februaiy,  mosses  found  during,  8. 

Fecundity  in  Cuba,  306. 

Fermentation,  new&ctsin,  145. 

Fern  spores,  338. 

Ferns,  characteristic  feature  ot,  247. 

Fieldfares,  23. 

Fire-arms  and   the   laws  of  motion, 

113. 
Fish  eggs,  osdogonium  infesting,  147. 
Fish  eggs,  parasites  infesting,  147. 
Fish  in  upper  limestone,  380. 
Fishes,  disoorery  of  poison  oiganais, 

258. 
Fishes  of  the  British  islands.  Coach's 

history  o^  5. 
Flint  implements  at  Stroud,  881. 
Flint  implements  found  in  Switzerland, 

170. 
Flint  implements  from  Syria,  306. 
Flint  implements  in  drift  deposits  in 

Hants  and  WilU,  222. 
Fontinalis    antipyretica     and     otbar 

species,  271, 411. 
Fossil     corals    of   the   West   Indian 

iskmds,  380. 
Fossils  from  the  Liqgula  flags,  299; 
Fossils,  human,  65. 
Four-homed  trunk  fish,  a  aatiTO  of 

England,  407. 
Freestone's  moontinff  table^  882. 
Frog,  construction  of  nerre  cells  of,  375« 
Frost  in  the  summer  of  1864, 425. 
Fry  of  herring,  habiU  of  the,  369. 
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Full  moon  always  opposite  the  ion,  101. 
Fanaria  hygromefcrica  and  other  Bpecies 

of  cord  moss,  258. 
Fungi,  active  spores  amongst,  148. 
Fungi,  to  dress  for  table,  8. 
Fungus,  a  new  British,  1. 

G-AMMASAOAiTTHirs  loricfttus  identical 
with  marine  Crustacea,  S3. 

Gsmmaras  canoelloides  identical  with 
marine  Crustacea,  38. 

Gsmmarus  found  on  salt  marshes,  30. 

Chises,  action  of  porcelain  and  lavas 
on,  226. 

Gksteropods,  67. 

Oasterosteus  aculeatus  (stickleback),  4. 

Gautier  on  the  physical  constitution  of 
the  sun,  345. 

General  Jacob's  rifles,  117. 

Generation,  spontaneous,  committeCi 
146. 

Gboloqioal  Socibtt. — The  Permian 
rocks  of  the  North-west  of  England, 
144 ;  succession  of  British  Mesozoic 

;  strata,  222;  recent  discoTeries  of 
flint  implements  in  drift  deposits  in 
Hants  and  Wilts,  222 ;  on  the  dis- 
ooToiy  of  the  scales  of  pteraspis,  222 ; 
new  fossils  from  the  Lingula  flags, 
299  ;  the  silidous  springs  in  the 
Neyada  territory,  299 ;  the  red  rock 
at  Hunstanton,  300;  discoyery  of 
fish  in  upper  limestone  of  Permian 
formation,  380 ;  the  fossil  corals  of 
West  Indian  islands,  880 ;  mamma- 
lian remains  near  Thame,  881 ;  de- 
posit at  Stroud  containing  flint  im- 
plements, etc.,  381 ;  on  the  geological 
structure  of  the  Malrem  Hills,  462. 

Geological  structure  of  the  Malvern 
Hills,  462. 

Germinal  matter  in  the  bloody  272. 

C(erms  of  infusoria,  225. 

Ghosts  everywhere  and  of  any  colour, 
37. 

Ghosts  optical,  34. 

Glashier's  12th  January  ascent,  66. 

Glashier's  18th  ascent,  386. 

Glass,  albumenised,  285. 

Glaux  maritima  in  salt  marshes,  26. 

Gx)ld  coins,  weights  and  dimensions  of, 
78. 

Gold-crowned  wren  in  winter,  21. 

Gold  weighing  at  the  Mint,  72. 

Grafting  animals,  386. 

Greenfinches  in  Stepney,  24. 

Green  ice,  61. 

Green  sand,  a  source  of  phosphate  of 
lime,  277. 

Grimmia^  species  of,  106. 

Grosbeak,  24. 


Guano,  276. 

Gun  cotton,  disooreries  respecting  its 

properties,  302. 
Gun  cotton,  mechanical  efi^ects  of,  457. 
Ghmpowder  unsurpassed  for  flrearms, 

122. 
Guns  and  projectiles,  118. 
Gnns,  story  of  the,  114. 

Hail,  conical,  385. 

Hants,  flint  implements  in,  222. 

Harvest  finches,  18. 

Hawks,  keen  sight  o^  49. 

Hearing  of  Crustacea,  305. 

Heat  consideredas  a  mode  of  motion,62. 

Heat»  constancy  of  solar,  129;  of 
meteors,  180. 

Heat  of  aerolites,  124. 

Heat,  tables  of,  in  May  and  June,  426. 

Heavenly  bodies,  remoteness  of,  242. 

Heliography,  238. 

Heliodtiromy,  240. 

Heliography,  term  suggested  for  pho- 
tography, 150. 

Helix  pomatia,  teeth  of^  71. 

Herring,  on  the,  368. 

Herrings,  curious  reasons  for  their  dis- 
appearance, 372. 

Hemngs,  their  numerous  enemies,  370. 

Herodotus,  statements  ot,  confiimed, 
174. 

Homes  without  hands,  352. 

Honey  bee,  intelligence  in  the,  462. 

Hooping  couffh,  cure  for,  886. 

Human  blood,  entozoa  in,  142. 

Human  fossils  from  Bruniquel,  65, 463. 

Human  races,  natural  selection  and 
the,  223. 

Hunstanton,  red  rock  at,  300. 

Hydnum  imbricatum  and  other  species, 
1. 

Hypnum  delicatulum  and  other  species 
described,  414. 

Ice,  formation  of  thick,  386. 

Ice,  green,  61. 

Ichthydium,  description  of  the  genus, 

392. 
Images,  enlarging  in  photography,  238. 
Implements  and  ornaments  found  in 

Switzerland,  170. 
Inertia,  the  term,  gives  a  &lse  idea,  187. 
Indian  Archipelago,  varieties  of  man  in 

the,  141. 
Indium,  properties  of  the  metal,  881. 
Industrial  education  of  spiders,  146. 
Infusoria,  germs  of,  226. 
Infusoria,  molecular  motion  in,  272. 
Injection  of  oxygen  into  veins,  146. 
Insanity  and  crime,  181. 
Insects,  larval  reproduction  in,  806. 


Index. 


471 


Intelligence  in  the  honey  bee,  462. 
Iodide  of  potassioxn  a  teit  for  oiODe,160. 
Iron,  hot&  about,  419. 
Iron  girders,  Eairbom  on,  804. 
Ironwork  at  Ninereh,  420. 
Isotheciom  alopeourum  (moes),  418. 

Eiw  Obterratoiy,  818. 

TikCUBTBxm  dwellings,  175. 

Lake  dwellings  in  Ana,  179. 

Lake  habitations  of  Switieriand,  an- 
cient, 170. 

Lanral  reproduction  in  insects,  806. 

LaTaSf  action  o^  on  gases,  216. 

Lead  rings  for  microscope  slides,  66. 

Light,  constancy  of  solar,  129 ;  of  me- 
teors, 180. 

Light  of  stars  compared,  885. 

light  of  the  sun  and  stars,  origin  of 
the,  448. 

limapontia  slug  found  on  salt  marshes, 
84. 

Idmax  marginatos,  teeth  of,  71. 

Limestone^  discoyery  of  fish  in,  880. 

linaria  pnsilla  (redpole),  24. 

Tiingnla  flags,  new  fossils  firom  the,  299. 

LzKirxAK  SociBTT.— On  the  pheno- 
mena of  yariation  as  illustrated  by 
the  Malayan  Fapilionids,  800. 

liying  bodiesymolecular  motions  in,269. 

lirerpool,  explosion  at,  66. 

Lobsters,  artificial  breeding  of,  855. 

LoiTDOK  IVBTiTVTiov.-'Sources  of  the 
Nile,  68. 

LOSDOK    IClOBOSOOPICAL     SOOIBTT. — 

On  white  blood  corpuscles,  64. 
London,  birds  in  the  suburbs  of,  17. 
Longerity,  effects  of  open-air  exercise 

on,  221. 
Loxia  chloris  (greenfinch),  24. 
Luminosity  of  different  bodies,  65. 
Lunar  craters,  recently  named,  64. 
Lunatic  asylums,  remedial  treatment 

in,  188. 
Lunar  influence  on  the  weather,  378. 

ICaobozamu  spiralis,  nuts  of,  251. 
Kagnetographs  at  £ew,  822. 
Magnetic  experiments,  new,  460. 
Magnetic  needle,  obserrations  made  at 

few,  828. 
Magnus  on  the  condensation   of  ra- 

pours,482. 
Malrem  Hills,  geological  stmoture  of 

the,  462. 
Mammalian  remains  near  Thame,  881. 

MaITOHXBTXB       PHIIO80PHI0AL       SO- 

oixTT. — On  the  amount  of  carbonic 
acid  existing  in  the  air  of  l£and^ester, 
141;  preparation   of  calcium,  221. 


Manchester,  carbonic  add  in  the  air  of  » 

141. 
Manuring,  when  first  understood,  273. 
Meat,  preserration  of,  146,  801. 
Mechanical  effects  of  gun  cotton^  457. 
Medicine,  arohiyes  of,  875. 
Metals  at  high  temperaturoy  permea- 

biUty  of;  226. 
Memory,  loss  o(  66. 
Mendosa,  earthquake  at,  85. 
Meteorological  obseryations   made   at 

Kew  Obseryatoiy,  40,  284. 
Meteors,  light  and  heat  o^  130. 
Mesozoio  strata,  succession  of  British, 

222. 
MiCEOflCOPY. — Lead*rings  for  slides,  66 ; 

microscopical  soiree  at  Apotheouries' 

Hall,  468. 
Microscopic  soiree    at   Apothecaries' 

Hall,  463. 
Microscope,  Collins'  binocular,  2^5. 
Microscope,  a  windfall  for  the,  13. 
Microscopic  literature,  recent,  328. 
Microcoleus      anguiformis     in     salt 

marshes,  29. 
Midnight  sun,  95. 
Milan,  strange  weather  faot  at,  66. 
Millepora  reticulata  (fungus),  2. 
Minie  rifles,  116. 
Minstrels  of  the  winter,  17. 
Mistietoe  near  London,  19* 
Missel  thrush,  19. 
Moleoidar  motions  in  liTing  bodies, 

269. 
Mollusca,  dentition  of  British,  67. 
MoUusca,  cultiyation  o^  854. 
Mollosca,  obtaining  palates  of,  805. 
MoQusks,  anchoring,  215. 
Moon,  temperature  and  climate  of  the, 

459 ;  earth  as  seen  from,  824. 
Moon,  198 ;  index  map  of  the,  190. 
Moon,  possible  action  of  the,  226. 
Motamia  troglodytes  (wren),  22. 
Moth  of  the  ordeal  bean,  885. 
Motion,  laws  of,  exhibited  by  flre-arms, 

118. 
Motion,  heat  considered  as  a  mode  o^ 

52. 
Moss,  figiyourite  habitats  of^  268. 
Mosses  found  in  May,  258. 
Mosses,  the  extinguiiher,  207. 
Mosses — Anacalypta  and  Pottia,  8. 
Mosses — Gtimmia    and   Schistidium, 

106. 
Mosses,  the  side  fhiiting,  410. 
Mount  Chamblon,    ancient  dwellingi 

o^  J  78. 
Mountain  finch,  24. 
Mounting  in  Canada  balsam,  831.      ^ 
Mountain  linnet  in  winter,  24.  ^ 

Mounting,  new  table  for,  64. 
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Hmkeiy  adTsntaget  o(  over  the  boir,114 
Hussel,  how  does  it  spin  its  bjBSiu^Sl?. 
l^tihu  edi]]ia  ([miuMl).  218. 
Ifljais  Tii]gaiiB  in  braokiih  water,  32. 
liyxofattres,  aottre  apores  of,  14S. 

KAaaoa,  teeth  of,  07. 
Katterjaek  toad  in  Ijrelaad,  227. 
KatnnJ  selection  applied  to  the  hmnaa 

x«oeBy228. 
I^atnral  history,  recreations  in,  851. 
Negatiye  eridenoe,  illustration  of,  145. 
Iferre  cells  of  the  frog,  875. 
Vest  of  stioklebaoks,  i. 
Veuroptera,  807. 
Verada  texritoiy,  siUcious  springs  in, 

299. 
Vights,  imeqaal,  in  difTerent  latitudes, 

98. 
Vile,  sonroes  of  the,  63. 
Vile,  lecture  on  the  soozoes  of  the, 

878. 
Vile,  the,  in  early  ages,  146. 
Vitrogen,  chief  lonroes  of,  274. 
Vorth  Gape  on  a  June  midnight^  105. 
Vostoo,  18. 
Votes  and  memorsada^  64^  145,  225, 

80^888,465. 

Oax,  Bilk-forming  larva  feeding  on,  148. 
>ak,  silkworms  of  the,  384. 
^'serratory,  the  Bomsey,  445. 
vratoiy,  a  cheap,  241. 
'mipm  infesting  eggs  of  fish,  147. 
vim,  origin  of  the  term,  149. 

Ooki..,  ^reat  crocodile  of  the,  885. 

Oils,  preparation  of  essential,  63. 

Openisir  exereise  and  longevi^,  221. 

Optical  ghosts,  34. 

Optical  proporties  of  organic  bodies, 
228. 

Ordeal  bean,  moth  of  the,  885. 

Ordnance,  rifled,  120. 

Organic  bodies  and  their  optical  pro- 
perties, 223. 

Oniaments,  ancient,  found  in  Switzer- 
land, 170. 

Orthotarichum  diaphanum,  261. 

Oscillatoria  in  ice,  51. 

OsciUatoiia  found  on  salt  marshes,  28. 

Oscillation,  phenomenon  of,  28. 

Ostradon    quadricomis    (four-honed 
trunk  fish),  408. 

Oxygen,  views  of  dausius  on,  806. 

Oxygen  in  reins,  injection  of,  146. 

Oysters,  cultivation  oi^  854. 

Ozone  and  antozone,  806. 

Ozone  and  ozone  tests,  160. 

Ozone,  production  of,  805. 

Talasm  of  moOnsca,  obtaining,  805. 


Palomon  raiians  in  bmkiih   water, 

82. 
Pffionians,  an  ancient  race  csUed,  174. 
Paper,  albumenized,  234 ;  waxed,  235. 
PapilionidBB^  phenomena  of  vatiatioi 

in,  800. 
Parasites,  egg,  and  their  relatives,  147. 
Pass,  new,  over  the  Andes,  388. 
Patella  athletica,  teeth  of;  70. 
Pedicle  of  lamp  shell,  importanee  of 

cables  of,  216. 
Pen  y  llwyn,  Welsh  name  for  missal 

thrush,  20. 
Perches,  poison  organs  in,  258. 
Peronoepora,  actire  spores  o^  148. 
Permian  rocks  of  the  north^^eat  of 

England,  144. 
Permeability  of  metals,  226. 
Peruis  on  the  coast  of  Saintonge,  80. 
Peziza,  genera  resembling,  2. 
Phabkaosutioil  Soghtt. — ^Prspara- 

tion  of  essential  oils,  68. 
Peotog&aphy. — Its  histoiy,  pooition, 

and  prospects— Part  I.  History  «f 

photogr^y,  153. 
Photographic  processes,  288. 
Photographic  engraving,  289. 
Photoin^hs,  co&ration  o^  288. 
PhotoUthography,  289. 
Photoheliogrsphat  Eew,  828. 
Photography  with  textile  fobries,  287. 
Phosphates  used  in  agriculture,  273. 
PhryganeidsB  (Oaddii  flies),  16. 
Physical  science,  foundations  otf  185. 
Pig  iron,  422. 

Pile  works  of  the  Swiss  lakes,  171. 
Pisciculture,  study  of,  7. 
Planet,  the  80th,  306. 
Plsnorbis  albus,  teeth  of;  71. 
Plantago,  species  of,  on  salt  manhes, 

27. 
Platinotype,  the,  237. 
Platycerium  alclcome  (fern),  385. 
Podophryaovata  and  pyriformis,  344. 
Poison,  insensibili^  to,  885. 
Poison  organs  in  fishes,  discovery  of,268. 
Pollen,  conservation  o(  465. 
Polytriohiim  herc^ionm,  11. 
Pontoporeia  affims  identical  with  ma- 
rine emstacea,  83. 
Porcelain^and  lavas,  actioa  of,  on  gaaes, 

226. 
Poroellio,  habits  o(  31. 
Portable  equatoreals,  166. 
Potamageton  eaten  by  eows,  19. 
Potash,  new  source  of,  225. 
Pottia  mosses  and  species  described,  11. 
Power  of  God  in  the  animal  cteatjoa, 

456. 
Proceedings  of  Lesnied  Soeietiesi  62, 

141, 221, 299,  880, 467. 
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^tooyoUf  oompsmoD  o^'804. 
FrojectileB,  simi  and,  118. 
iPtenspis,  dueorwj  of  the  loaLei  ci,  222. 
Pnlae,  actum  of  tobaooo  on  the^  466. 
l^rtfaium  sporet^  149. 

BuSBOir,  artifleial,146. 

BecreationB  in  natural  histoiy,  851. 

Bedpolet  in  Stepney,  24. 

Bed  rock  at  Honetanton,  800. 

Begifllnition  of  the  moTemente  of 
wind,  126. 

Begului  anroeapilliie  (gold  oorowned 
wren),  22. 

Beindeer  poriod,  scnlptuie  of  the^  J)04. 

BesponsiMUtj  defined  bj  Engliah  law, 
183. 

Rhirina  imdnlata  (fangns),  1. 

Bhizopods,  TaiiationB  in,  804. 

Bioe  grains  on  the  sun,  805. 

Biflea,  115. 

Bobin  einging  in  winter,  21. 

Bomaey  Obterratory,  the,  445. 

Bom  book,  456. 

Bound  projectiles  not  the  best,  115. 

BoYAXi  Gboosafhioai.  Sooixtt.— a 
new  discoreted  low  pass  orer  the 
Andes  in  Chili,  888. 

BoTAL  Soonrrr. — ^Hnman  remains  in 
the  Oayem  of  Bnmiqnel,  468. 

BoTAli  iKBTiTunoir.— The  discrimi- 
nation  of  organic  bodies  bj  their 

I  optical  properties,  228 ;  recent  dis- 
oofenes  rospeotm^  the  properties  of 
gun-cotton,  802 ;  properties  of  the 
new  metal  Indinm,  881;  on  the 
mechanical  effects  of  gun-cotton 
457 ;  temperature  and  climate  of  the 
moon,  459;  new  magnetic  experi- 
ments, 460. 

BoTAL  "NLkdjoal  Aim  GHisnscnoAK 
SodXTY. — EntosoA  in  the  human 
blood,  148. 

Buins  at  Mendoza,  85. 

Buins  of  Gopan,  88. 

Salt  marshes  and  their  inhabitants,  26. 
Salrin's  photographs  of  Copan,  89. 
Salicomia  hermicea  in  salt  marshesi  j36. 
Saprolegnia,  spores  o^  148. 
Sazbj's  weather  system,  878. 
SaprolMpiia  ferax,  Tarious  forms  of^  147. 
Scnistidium  (moss)  species  o^  112. 
Science,  foundations  of  physical,  185. 
Sciences,  daasiflcation  of  the,  879. 
Sculpture  of   the  reindeer  period  in 

Iranoe,  804. 
Sea  laTender,  habitat  of  the,  27. 
Sea  catchfljr  on  salt  marshes,  07. 
Seed,  description  of  a  perfeot^  888. 
Seeds,  exogenous^  888. 


Shells  found  at  SIroad,  881. 

Shell  mounds  on  theDaniih  coasti  171. 

Shots,  pmetrafeing  power  o^  126. 

Shot  stars,  18. 

Shooting  stars  at  Borneo  21L 

Shooting  start  in  the  two  hemieahwesy 

145. 
Shrimp,  opposum,  88. 
Shrimps  in  oraokilfch  water,  82. 
Silene  maritima  (sea  oatdhfiy),  27. 
Silktail,  24. 

Silk,  probable  new  sewee  of,  148. 
Silk-prodoeinp  inseots,  852. 
Silkworms,  diseases  <tf,  852. 
Silkworms  of  the  oak^  884. 
Silioious  springs  in  the  Neradatem* 

tory,  299. 
Silyer,  action  of  light  on  the  salt  o(  151. 
Silyer,  automatic  weighing  o(  72. 
Silver  coins,  weights  and  dimensions 

0^78. 
Sinus,  companions  of,  884. 
Sinus,  StruTC  on  the  companion  o^  465* 
Snow  fall  and  wind  storms,  65. 
Snow  in  May,  1864,  425. 
Snow  crystals,  279. 
Snowflake,  24. 
Soonrr  ov  Abvs. — ^New-  method  of 

preserring  meai^  801. 
Sooutt  ov  ABn.— New  method  of 

presenriuf  meat,  801. 
Soils,  ingredients  of^  274. 
Solar  spots,  845. 

Solar  light  and  heal^  oodsImmjo^  129* 
Solar  obsenration,  292. 
Sourees  of  the  Nfle^  68 ;  878. 
Sparassis  orispa  (beautiful  fungus),  1.  ^ 
Spectrum  analysis  with  refiBreaee  to  the 

stars»60. 
Sphoroma,  species  o(  81. 
Spiders,  industrial  education  o^  146. 
Spiders  making  carpets,  863. 
Spirulina,  osoiUaAion  of,  29. 
Spontaneous    Qeneration   Gommitteey 

145, 
Sponge  spicules,  66. 
Spores,  actiye,  148. 
Spots  on  the  sun,  460. 
St.  Helena,  white  ants  in,  62. 
Sttreh  a  test  Ibr  oaooe,  160. 
Stangeria  paradoza,  seeda  of^  248« 
Starf  8  Ananalypta  mossi  8^ 
Stars,  shooting,  in  the  two  hemispheres. 

145. 
Star  following  with  taUe  stands,  290. 
Star-following,  88& 
Stars,  Alyan  Okrk  on  the^  461. 
Stars,  cokmm  ot,  486. 
Stars,  comparing  the  light  of^  885. 
Stars,  origm  of  the  light  of  the,  448. 
Stan^  we  nerer  see  the^  4^« 
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Siaiioe  limoninm  (sea  larender),  27. 
STATunaoAL    SooiBiT.  —  Effects     of 

open-air  exeraae  on  longeritj,  221. 
Steel,  421. 

Bterenm,  a  genus  of  fongi,  2. 
Stioklebacks,  carious  habits  of,  4. 
Stomach  cttirents  of  the  asplanohnay 

182. 
Stone  age,  antiqaify  of  the^  177. 
Btonn-oock,  habits  of  the,  20. 
Storms  and  snow  fall,  65. 
Straye  on  the  companion  of  Sirius,  465. 
Sulphate  of  ammonia  for  manure,  274. 
Bun,  Alyan  Olark  on  the,  465. 
Sun,  origin  of  the  light  of  the,  448. 
Sun,  spots  on  the,  450. 
Sun,  surfiioe  of  the,  883. 
Sun,  Hie  midnight^  96. 
Bun,  willow  leares  on  the,  305. 
Sun,  physical  constitution  of  the^  345« 
SuTffioal  accident,  a  strange,  306. 
Sumoe  of  the  sun,  383. 
Swiss  rifles,  116. 
Switzerland,  ancient  lake  habitations 

of,  170. 
Syria,  flint  implements  from,  306. 

Tabu  for  heating  slides,  new,  64. 
Tablestands,  star-following  with,  290 
Tadpole  circulation,  yiewing,  386. 
Taphrocamp%  description  of  the  genus, 

404. 
Teeth  of  gasteropods,  67. 
Telescope  stands,  impcnrtance  of  good, 

839, 
Temperatun  and  climate  of  the  moon, 

459. 
Temple  Anecdotes,  456. 
TerebratulidflD  (lamp  shells),  216. 
Thalassophiyne      reticulata,      poison 

organs  of,  256. 
Thelephora,  a  genus  of  fungi,  2. 
Thermometer,  to  construct  a,  321. 
Thrift,  where  it  best  flourishes,  27. 
Tinea  punctata  a  silk-spinner,  853. 
Toad,  natterjack,  in  Ireland,  227. 
Tobacco,  its  action  on  the  pulse,  466. 
Toninff-bath  for  albumen  process,  885. 
Trachmus  yipera  (sting-fish),  253. 
Trawl  fishing,  destruction  caused  by, 

371. 
Tremella  nostoc,  13. 
Trochus,  dentition  o(  69. 
QVunk-fish,  the  four-homed,  407. 
Turbanella,  description  of  the  genus, 

402. 
Turbellaria,  generic  distinctions  of,  388. 
Turdus  pilaris  (fieldfare  thrush),  23. 
Turdus  yisciyorous  (missel  thrush),  20. 

UviYZReAL  icieaoe»  essays  on,  378. 


Utilization  of  Minute  Life,  325. 

YiFOtrsa,  condensation  o(  432. 

Variation,  phenomena  o^  300. 

Variations  in  difflugian  rhiaopods, 
304. 

Varieties  of  man  in  the  Indian  Ardii- 
pelaffo,  141. 

Varnish  for  microscopic  olgects,  332. 

Vaucheria  found  on  Mlt  marshes,  27. 

Veins,  injection  of  oxygen  into,  146. 

Venus  as  a  crescent,  seeing,  305. 

Vial*s  process  of  engraying,  226. 

Vision,  differences  of,  48. 

Vital  power,  on  deficiency  o(  in  dis- 
ease, 375. 

Voracity  of  the  asplanchna,  182. 

Vortex  worms,  description  of,  388. 

Wjlsps,  habits  o^  465. 

Wasps'  nests,  axtificiBl  modification  oL 

462. 
Wasps'  nests,  curious  collection  of,  143. 
Water  blackbird,  19. 
Water,  molecular  motion  in,  271. 
Water-ousel  a  &yourite  cago-biid,  19. 
Waxed  paper,  to  prepare,  235. 
Weather  fact  at  Milan,  strange,  66. 
Weather,  lunar  influence  on  the,  378. 
Weather,  remarkable,  of  1864,425. 
Weather  system,  Saxb^'s,  378. 
Weeyers,  peculiarity  m  dorsal^  fin  of, 

254. 
Weighing  machines  used  at  the  Mint^ 

72. 
White  ants  in  St  Helena,  introductioa 

0^62. 
Whitworth  rifles,  116. 
Willow  leayes  on  the  sun,  805. 
Wilts,  flint  implements,  222. 
Wind  and  its  direction,  125. 
Wind  storms,  65. 
Wind,  hourly  moyement  of  the,  41, 

285. 
Windfidl  for  the  microscope,  13. 
Winter,  minstrels  of  the,  17. 
Witch-butter,  13. 
Woodlark  singing  in  winter,  21. 
Works  of  art  in  Danish  peat- mosses, 

171. 
Wren  singing  in  winter,  21. 

YxLLOW  aniline,  145. 

ZiHii.  tenuis,  starch  from,  252. 

Zinoo-photonaphy,  239. 

ZooLOGT. — ^Obeerrations  on  the  three 
spined  stickleback,  4;  on  the  her- 
ring, 368;  history  of  the  hairy- 
backed  animalcules,  387. 

Zonites  cellarius,  teeUi'of,  71« 
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I7  pcrmiilbii^  to  E.B.H.  tlM  Ihikft  of  OaabtUfflw 
Feip.  8fO,  doth,  priot  te ., 

CUBIOSmES  OF  WAR  AND  MILITARI 

STUDIES. 

Br  THOXAB  GASTSB,  Aathor  of  "XaMf  of  fha  BrltSib  tasy." 

Thii  BoVBcn'  Book  and  MOitaiy  Oompendiom  it  ftdl  of  the  moet  Intoraitiiig  laaodolM  tad 
inridentt  reUtini;  to  yariooi  regiments,  aad  oont»uii  the  origin  of  ererj  infantry  oorM,  together  with 
juniM  sad  heroio  deeda  of  the  reoipinita  of  the  Tiptorift  Orosa,  arranged  regimentaUj. 


OompleteiiiTlnM  Yolnmea  8fo,  uriee 7»,ed.  eaeh,  eloth  gilt,  with  Fao-aiiBile  moainaioBs  of  the 

Sledab  and  Bibbona  in  OoIoiirB, 

MEDALS  OF  THE  BRITISH  AEMY,  AND  HOW 

THEY  WERE  WON. 

Br  THOXA8  CABTEB,  Author  of  ^'CnriofitiM  of  War  and  KQitaxr  ftadioi." 

FIBSX  yOliUMB.— THE  CRIMEAN  OAMFAiaK. 

Bedkated  [to  Major-Genend  the  Hon.  Sir  Janea  Torke  Soadett,  K.O.B.,  A4|aUat.G«Benil  of 
Ber  M^eetj'a  Foroea.   With  Fao-aimile  Ulnstratlona  in  Ooloon  of 

The  Crimean  XedaL  |         TorUah  War  HedaL 

FieiiohWarXedaL  Medal  Ibr  Diatlngniahed  Ooqdnot  in  ^IWd. 

Sardinian,  War  Medal.  |         Tiotori*  Oroaa. 

SEOOND  V0Ll7MB.-KaYPT,  PBIONSULA,   WATBELOO,    ASD 

SOUTH  AFBICA. 

Dedieitad  to  Hla  Gfioe  the  Duke  of  Bidunond,  X.O.,  eto.,  ete.   With  Fao-afanile  IBiutntkma 

in  Oolouxa  of 

WatttlooMedaL 

Medal  for  Merltorioos  Serrioe. 

The  Oape  MedaL 


Bie  O0I4  Groaa. 
[  TheWafMedaL 


Ttaxklah  Medal  Ibr  Bgjpt 
Tabnc»MedaL 


THISD  Y0LT7ME.— IHDLi,  fJEllfA^  AJST^  BBBSLL 

1  Dadloated  to  General  Lord  Clyde,  O.C.B.,  eto.,  eto.  With  Fao-tfmile  Illaatrationa  ii^  Colovra  of 


The  Indian  War  MedaL 
Seringapatam  MedaL    ' 
The  AtleJ  and  Poidab  Medala. 
The  Ohnanee  Medal. 
Indian  Matfaiy  Medal. 


The  Chine  MedaL 

The  Beoond  JeUlOabad  MedaL 

The  Maherajapoor  Star. 

Medal  for  the  Second  Bonneae  War. 

And  other  Illnstrations. 


CRITICAL     NOTICES. 

^  Saeh  ft  book  haa  a  national  interest,  and  ahonld  have  been  brought  out  at  the  pqbUo  espeiut. 
Though  thia  haa  not  been  done,  a  oopy  will  doabtlesa  iind  its  war  into  etery  regimenUl  library,  for 
it  is  aoommon  record  of  doxy,  in  which  eyery  regiment  is  enrolled. 

<«  Weoannot  eRtimete  &e  good  ^diich  may  be  eflboted  by  its  pagea ;  for  ioldien  will  be  laaplred 
to  emulate  the  deeds  which  they  aee  so  perpetoAted,  and  wnioh  our  medala  embelliah.  The  book  ia 
Dartienlarly  suited  for  tiiia  object,  as  it  contains  no  strlcturee  on  anthori^  or  anrtlUn^  to  awaken 
bad  feeUn^k  At  tbe  same  time,  it  will  serve  as  an  admirable  manual  for  olBeers  wno  wiah  to  hftTC  n 
knowledge  of  our  military  history,  which  ia  here  brought  into  n  nutshell,  though  no  deed  of  note  ia 

**  The  handsome  book  before  us  la  one  Muster  Boll  of  En^and's  bntTeat  men."— Xeii4o?i  M$9hm, 

**The  illustrationa  are  particularly  well  done,  and  we  may  say  of  ttie  work  generally  that  it  ii 
vorthr  of  the  sulgect.''— Bit«Mtt'«  Armg  and  Navf  &aM$tU, 

"  We  must  here  state  that  an  intereating  and  oi&oiAlly  acoonto  deaeription  of  each  battle^  eto..  aa 
wefl  aa  a  deeeription  d  the  medals,  is  giren  in  each  case ;  and  the  pegee  of  the  work  are  adomeaby 
beantlAiQy  eseonted  diromfrJithognnma  of  the  medala,  daspa,  riblxma,  etc  The  fspt  of  Mr. 
Certei^B  posflion  in  the  military  exeoinlTe  brandi  of  the  war  Depertment,  ahd  the  senetioned  dedi* 
eationa  or  the  aereral  dirisions  of  the  work  to  the  lete  Duke  of  Itiohmond,  Genend  Lord  Clyde,  and 
the  Adjutant-General,  must  greatly  add  to  its  Talne  aa  a  book  of  reforenoe,  and  as  anthon^  upon 
the  SuUMt  treated."— 2%«  jtri  Journal, 

The  jDrastnllons  include  the  sereral  Medals  issued  to  the  Anuv,  from  the  earliest  one  granted  for 
Cromwell's  viotory  of  Dunbar  to  the  most  reoent  for  the  Indun  Mutiny  and  Serricea  in  OUnn. 
Ffc-aimilea  of  the  Medals  and  Blbbons  in  colours,  gold,  ailvtt.  and  bronae,  are  alao  given  of  thoee 
epttferred  uptm  our  troope  for  the  Crimean  campaign  by  the  Junperor  of  the  Arenob,  Xinc  of  Sar- 
dinia, and  the  Sultan  of  TurkeTf  together  with  the  Yyosoeu  Caoas«— The  namea  and  deev  of  tbe 
Bedpienta  are  embodied  in  the  Text. 

Ixmckmi  aBOOMBBLDGB  k  BONS,  6.  Patfmoftor  Bqw. 
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CHEAP  SERIES  OF  POPULAE  BOOKS. 

Prioe  2i.  6d,  each. 

TINDER  BOW  BELLS :   a  City  Book  for  all  Readers.    By  JoHiT 

U     HoLLiNGBHXAD.    Price  Half>a-Grown. 

ODD  JOURNEYS.  By  John  Hollingshbad.  Price  Half-a- Crown. 
WAYS  OF  LIFE.  By  John  Hollingshbad.  Price  Half-a-Crown. 
UNDERGROUND  LONDON.     By  John  Hollingshead.     Price 

Balf-a- Crown. 

SELF  AND  SELF-SACRIFICE ;  or,  Nelly's  Story.     By  AraA 

LnLE.    Price  Half-a-Crown. 

ALMOST ;  or,  Crooked  Ways.     By  Anka  Lislb.     Price  Half-a- 
Grown.  ^ 

QUICKSANDS.  A  Tale,  by  Anna  Lisle.  Price  Half-a-Crown. 
PICTURES  IN  A  MIRROR.    By  W.  Mot  Thomas.     Price 

Half-a-Crown. 

LYDIA :  A  Woman's  Book.    By  Mrs.  Newton  Ceosland.    Price 

Half-a-Crown. 

A  FEW  OUT  OF    THOUSANDS :    their  Sayings  and  Doings. 

By  Augusta  Johnbtoke.    Price  Half-a-Crown. 

FOOTSTEPS  TO    FAME :  a  Book  to  Open  other  Books.      By 
•Hain  Fjubwell.    Price  Half-a-Crown. 

LEAVES  FROM  A  FAMILY  JOURNAL.     By  EiaLK  Sou- 

TS8TRB.    Prioe  Half-a-Crown. 


Published  Monthly,  prioe  Foarpeneef  Hliiftnited, 

THE 

FLORAL  WORLD  AND  GARDEN  OUIDE. 

A  Plain  'Praetictl  HortiealfeQnl  Magasliie,  Pabliahed  HontUj,  prioe  Foorpenee,  ninrtratod.  Brery 
year  formmg  a  Yolnme,  or  Twelvemonth  work  in  the  Garden  utd  OreenhoiiM.  AnniuJ  Sabeoription 
Four  Shillings  (poet  free),  or  may  be  ordered  regnkrly  of  all  BookaeUere. 

SHIRLEY   HIBBEBD'S   WOBES. 

RUSTIC  ADORNMENTS   FOR   HOMES  OF   TASTE.     With 
Rooreaiioni  for  Town  Folk  in  the  Btady  and  Imitation  of  Nature.    With  niastratione.  Plain 
■nd  Coloured.    Second  Edition,  crown  8to,  eloth  gilt,  14«. 

THE  BOOK  OF  THE  AQUARIUM:   Instructions  on  the  For- 

aaatioa.  Stocking,  and  Management,  in  all  Seaaon*.  of  Collections  of  Marine  and  Birer  Animsls 
and  Plants.    New  Edition,  reyised  and  additionallj  Illnstrated.    Fcap.  8to,  cloth  gilt,  3«.  9d, 

THE  BOOK  OF  THE  FRESH-WATER  AQUARIUM;    Prac- 

tieal  InatniotioDB  on  the  Formation.  Stocldog,  and  Management,  in  all  Seasons,  of  GoDectionB  of  River 
ilnimsls  and  Plants.    Fcap.  8to,  cloth  gilt,  Illnstrated,  2s. 

THE  BOOK  OF  THE  MARINE  AQUARIUM.    Practical  In- 

strnctions  on  the  Formation,  Stocking,  and  Management,  in  all  Seasons,  of  CoBeetions  of  Marine 
Animals  and  Plants.    Fcap.  8to,  doth  gilt,  Dlostrated,  2«. 

THE  TOWN  GARDEN.    A  Manual  for  the  Successful  Management 


anagei 

,withll 


of  City  and  Snbnrban  Gardens.    Second  Edition,  moeh  enlarged.    Fcap.  Sro,  doth,  with  lUastra- 
tions,  St.  Hd, 

PROFITABLE  GARDENING.    A  Practical  Guide  to  the  Culture 

of  Ycttetables,  Fmita,  and  other  nsefiil  Out-door  Garden  Products.   Intended  for  the  nse  of  Amateurs, 
Gentlemen's  Gardeners,  Allottees,  and  Growers  for  Market.    Small  Sro,  doth,  8«.  6i. 

BRAMBLES  AND  BAT  LEAVES.    Essays  on  Things  Homeljr 

and  Beautifol.    New  Edition.    Crown  8to,  cloth  gilt,  6«. 

"  We  know  no  books  of  which  the  tone  is  healthier  than  those  of  Mr.  Shirlej  Hibberd,  whose  lore 
of  the  beantiftil  in  Nature,  and  power  of  making  his  readers  share  his  feeling,  ennbles  him  to  make 
nopular  erery  branch  of  natural  sdence  on  whidi  it  is  his  pleasure  to  discourse.  The  present  Tolnme 
is  well  odeulated  to  add  to  Mr.  Hibberd's  reputation."— J^oess  and  QmsHm. 


London :  GBOOHBaiDQE  ft  SONS,  6,  Patetnoiter  Boir. 


GB00IBRID6E  &  SONS'  BOOKS  FOB  PBESEHTS. 


HOME  nnPLUENGE.  By  Gbaok  Agtjilab. 

Cloth  gOfc,  niartrftted,  5ff. 

MQTHEB'S  BECOMFENSE.  Bj  Gaioe 
Aqvilam,    Cloth  gilt,  Ulnatrated,  6f. 

WOMAN'S  FBIENDSHIP.  By  Gbaob 
AavxLix.    Cloth  gilt,  lUiutnted,  6«. 

YALE  OF  OEDABS.    By  GtRkOE  Aotjilab. 

Oloih  gilt,  niiutnted,  6«. 

DAYS  OP  BRUCE.  By  Grioe  Aguilae, 
Cloth  gilt,  Frontitpieco  ftnd  Vignette,  8«. 

HOME  SCENES  AND  HEART  STUDIES. 
By  Obaos  Aouilaju    Cloth  gilt.  Frontispiece,  6«. 

WOMEN  OF  ISRAEL.  ByaBAOsAGUiLAB. 

S  ToU.,  eloth  gilt,  10«. 

HISTORY  OF  A  SHIP  FROM  HER 
CBADLE  TO  EBB  GBAVE.  By  Q»AXi>Tk 
Bav.    100  SngrsTingt,  cloth  gilt,  3«. 

VESSELS   AND   VOYAGES.     By  Ukole 

OxoBttS.    20  EngTATiogs,  doth  gilt,  1j.  Gd. 

OUT  AND  ABOUT.  By  Haik  Feiswell. 
ninstrated  by  George  Crnikshaok.     Cloth  gilt, 

8«.  ed, 
MAGNET     STORIES     FOR     SUMMER 

BAYS  AND  WCniEB  NIGHTS.    BizYolomes, 
each  with  80  Bliutntions,  cloth  gilt,  2t.  9d, 

COWPBR'S  POETICAL  WORKS.  Edited 
by  H.  F.  Cabbt.  *  Yignettes,  doth  gilt,  6«. 

MILTON'S  POETICAL  WORKS.  Edited 
by  H.  F.  Ci.BBT.    Vignettes,  doth  gilt,  6t, 

BURNS'S  POETICAL  WORKS.  Portrait 
md  19  l^ettee,  doth  gilt,  <U. 

POPE'S  POETICAL  WORKS.  Revised  and 
amnged  expraeslv  for  Family  Beading  by  W.  0. 
lCi.OBXAJ>T.    Cloth  gilt,  8«.  6d. 

THE  KING  AND  THE  TROUBADOUR. 

A  Flay  for  Home  Acting  and  Young  Performers. 
By  JvuA  CoBVBB.    Illustrated,  1«. 

SLEEPING  BEAUTY.  A  Play  for  Home 
Acting  and  Yonng  Performers.  By  Julia  Cobhxb. 
lUostrated,  1«. 

CHRONICLES  OF  AN  OLD  OAK.  By 
Emxlt  Tatlo*.    Illustrated,  cloth  gilt,  8».  6d. 

CHILDREN  OF  OTHER  LANDS.  By 
Baba.  Wood.    Illastrated,  doth  gilt,  3«.  (k2. 

THOMSON'S  SEASONS,  and  CASTLE  OF 
INDOLENCB.  Cabinet  Clastic  Edition.  Vignette, 
eloth  degant,  2«. 

GOLDSMITH'S  POEMS  AND  ESSAYS. 
Cabinet  Classio  Edition.  Vignette,  doth  elegant,  2«. 

ADVENTURES  OF  ULYSSES.  By  Chablss 
LijfB.  Cabinet  Classio  Edition.  Vignette,  doih 
degant.  It.  6d, 

MARMION.   By  Sm  Waltxb  SooTT.    Cabi- 

*    liet  Classie  Edition,  ^gneite,  doth  degant,  If .  Oi. 

LADY  OF  THE  LAKE.    By  Sib  Wai.teb 

Scon.    Cabinet  Clasdo  Edition.    Vignette,  doth 
degant,  It.  6d» 

LAY  OF  THE  LAST  MINSTREL.  By  Sib 
WAiffnScon.  Cabinet  Clasdc  Edition.  Vignette, 
doth  degant.  It.  M. 

BOKEBY.  BySniWALTXBSoOTT.  Cabinet 
Classio  Edition.    Vignette,  cloth  degant,  1«.  9d. 

ROMANTIC  TALES.  By  M.  G.  Lewis. 
Cabinet  Clasdc  Edition.  VigaettCb  doth  elegant, 
UtfkU 


ELIZABETH  J    or,  Tlie  EsoIm  of  Siberia. 

Cabinet  Clasdo  Edition*'  Vignette,  doth  elegant, 

It.  9d. 
PAUL  AND  VIRGINIA,  and  THE  INDIAN 

COTTAQis.    Cabinet  Clasdo  Edition.    Vignette, 

cloth  degant.  It.  M, 

VICAR  OF  WAKEFIELD.  By  Ouvra 
Gou»sxiTH.  Oftbmet  Glaado  Edition.  Vignette, 
cloth  degant,  2«. 

LAMB'S  TALES  FROM  SHAKESPEARE. 
Miniatore  Classic  Edition.   Vignettes,  2*.  M. 

HANNAH  MOKE'S  PRACTICAL  PIETY. 
•  Miniature  Clasdo  Edition.    Vignette,  St.  M. 

THE    COTTAGERS   OF  GLENBURNIE. 

Miniature  Clasdo  Edition.    Vignette,  Is.  0d. 

RASSELAS.  By  Dr.  Johitsok.  Miniatoro 
Classic  Library  Edition.    Vignette,  Is.  6d, 

BUDS  AND  BLOSSOMS.  Charming  little 
Storiea  for  very  Young  Children.  Id,  each  ^6 
sorts) ;  or  in  6  packets,  M,  eadi.  Baited  for 
Christmas  Trees. 

NATURAL  HISTORY  OF  CAGE  BIRDS. 
By  J.  M.  BBOHamv,  M.D.  70  EngraTingt,  doth 
gilt,  St.  ed. 

OBJECTS  FOR  THE  MICROSCOPE.  By 
L.  Lavs  Culbkb.    St.  6d. 

MICROSCOPE  TEACHINGS.  By  the  Hon. 
Mrs.  Wabo.  Illustrated  with  Ooloored  Fhites, 
cloth  gilt,  7s.  6i. 

TELESCOPE  TEACHINGS.  By  the  Horn 
Mrs.  Wabd.  Illustrated  with  Coloured  FUites, 
doth  gilt,  7s.  9d, 

MARVELS  OF  POND  LIFE.  By  Hjwbt 
J.  Slack.    73  EngraTings,  doth  gilt,  6s. 

THE  BOOK  OF  THE  AQUARIUM.  By 
Shiblbt  Hxbbbbj).  Frofnsdy  lilostrated,  doth 
gUt,  3s.  6d, 

SCRIPTURE  QUADRUPEDS.  81  Coloured 

Fiates,  cloth  gilt,  3f .  9d» 

SCRIPTURE  BIRDS.    91  Coloured  Plates, 

doth  gilt,  8s.  M. 

BEAUTIFUL  SHELLS.    8  Coloured  Plates, 

cloth  gilt.  If.  6d, 

ROBINSON  CRUSOE :  The  Life  and  Ad- 
Tcntures  of  Bobinson  Orasoe.  12  Cdonred  Fiates, 
doth  gilt,  3s.  M, 

UNION  JACK,  and  OTHER  STORIES. 
By  Mrs.  8.  0.  Hall.  IS  Engravings,  doth  gilt.  Is. 

THE  TOWN  OF  TOYS,  and  OTHER 
STOBIBS.  By  Baba  Wood.  IS  EngraTings, 
doth  gilt.  Is. 

NO-MAN'S  LAND,  and  OTHER  STORIES. 
By  Thoicas  Millbb.  15  EngraTings,  doth  gilt,  Is. 

THE  SEA  SPLEENWORT,  and  OTHER 
8TOBIE8.  By  the  Author  of  '*  The  Hdr  of  Bed. 
dyffe,"  etc.    16  EngraTings,  doth  gilt.  Is. 

LOTTIE'S  HALF-SOVEREIGN,  and 
OTHEB  STOBIES.  By  Mra.  Bussbll  Gbat. 
15  KngraTingt,  cloth  gilt.  Is. 

THE  SHEPHERD  LORD,  and  OTHER 
STOBIES.  By  Julia  Cobkbb.  15  EograTingB, 
doth  gilt,  Is. 

THE  CAPTIVE'S  DAUGHTER,  and 
OTHEB  STOBIES.  By  W.  Hbabd  HuATABb. 
15  EngraTings,  doUi  gitt.  Is. 

THE  ORPHANS  OF  ELFHOLM,  and 
OTELKB  STOBIES.  By  Fbaxcib  Baomri.  15 
EngraTings,  doth  gflt^  Is. 
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Brka  Si.  H  mi^»  iUtittrtM  ^ih  Ml-Mge  Iii|n?ingf  and  YlgqAttMb  H^PIWMlIf 

bound  in  magenta  doth  gilt — ^for  PBB8BMTI.T10N. 

THB   MAGNET   STORIES. 

FOE  SUMMER  DAYS  AND  WIMTEB  NIGHTS. 

CONTENTS  OF  THE  HRST  VOLUME. 

WHEN  WE  WEBB  TOUKG.    B7  the  Author  of  *' A  Trtp  to  Oatoh  a  Saabeam.*' 

LOTTIE'S  HALF-SOYEBEIGN.    By  Mn.  Bussbll  Gkat. 

ICAMMA  MILLT.    By  Mn.  S.  0.  Hux. 

HAVERING  HALL.    By  G.  E.  Saboxnt. 

BLIND  TTESHLA.    By  Mn.  Wbbb  (Author  of  <<  Naomi"). 

THE  CLOOEMAKEB  OF  LYONS.    By  E.  K.  Piper. 

THE  MICE  AT  FLAT.    By  the  Author  of  <<  The  Heir  of  Bedolyffe.'^ 

CONTENTS    OF   THE    SECOND    VOLUME. 

UNION  JACK.    By  Mn.  S.  0.  HiXL. 

THE  CAPTIVE'S  DAUGHTEB.    By  W.  Hbabd  Hillyabd. 

DEAB  CHARLOTTE'S  BOYS.    By  Emilt  Tatlok. 

THE  TOWN  OF  TOYS.    By  Saua.  Wood. 

NOT  CLEVEB.    By  Fbakces  M.  Wilbrahax. 

8EA.SHELL  ISL^i^D.    By  G.  E.  Saboxnt. 

THE  PEDLAB'S  HOABD.    By  Mask  Lbmon. 

CONTENTS  OF  THE  THIRD  VOLUME. 

THE  STOBY  OP  NELSON,    By  W.  H.  G.  Kdtoston. 

LOST  IN  THE  WOOD.    By  Hn.  Albx.  Gilchrist. 

THE  SHEPHEBD  LOBD.    By  Julia  Cornbr. 

COUSIN  DAVIS'S  WABDS.    ByMAROARBT Howirx. 

HOPfi  DEPEBBED.    By  Sara  Wood. 

WHICH  WAS  THE  BBAVEST  ?    By  L.  A.  Hall. 

THE  STBAYED  FALCON.    By  the  Author  of  «  The  Heir  of  Beddyffe,*'  9^ 

CONTENTS    OF   THE    FOURTH 

THE  ANGEL  UNAWARES.    BjJCary  Howitt. 

THE  LITTLE  TBAPPEB.    By  W.  Hbabd  Hilltard. 

MUSIC  FBOM  THE  MOUNTAINS.    By  Mn.  Bussbll  Gray. 

HEBEWARD  THE  BRAVE.    By  Julia  Cornbr. 

DEAF  AND  DUMB,    By  Mrs.  Wbbb  (Author  of  «  Naomi"). 

AN  ADVENTURE  ON  THE  BLACK  MOUNTAIN.    By  P.  M.  Wujiraham. 

NO-HAN'S  LAND,    by  Thok as  Millbr. 

CONTENTS    OF   THE    FIFTH    VOLUME. 

GORALINE.    By  the  AuUior  of  <<  A  Trap  to  Catch  a  Sunbeam." 

THE  ORPHANS  OF  ELFHOLM.    By  Frakcbs  Brownb. 

THE  STORY  OF  A  PEBBLE.    By  L.  A.  Hall. 

THE  SEA  SPLEEN  WORT.    By  the  Author  of  f  <  The  Heir  of  Reddyfe.l  atOn  ato. 

THE  CHRI8T1|£AS  ROSE.    By  H.  J.  Wood. 

ELLIS  GORDON  OF  BOLTON  FABM.    By  Ejcly  Taylor. 

THE  GRATEFUL  INDIAN.    By  W.  H.  G.  Kingston. 

CONTENTS    OF   THE    SIXTH    VOLUME. 

FANNY'S  FANCIES.    By  Mn.  S.  0.  Hall. 

8WEBT  SPRING  TIME.    By  Thomas  Millbb. 

OALDAS,  A  STORY  OF  STONEHENGE.    By  JuuA  Oobveb. 

THE  POOR  COUSIN.    By  FBANoiss  BaowifB. 

THE  PLANTER'S  SON.    By  W.  Hkabd  Hilltabd. 

THE  MERIVALES.    %  Sara  Wood. 

PETER  DRAKE'S  PREAiC    By  Fbavois  i^XBLnra  Bbodxbiz. 

%*  Eaoih  Vojiiaie  is  so  boond  as  to  form  »  distinct  sad  haadsomo  Qtift  Book.     The  SU  Vidii^M  •«• 
tain  42  Stories,  eitber  of  which  may  be  had  sepantelf,  price  U.eMli.  ^* 

OPINIONS  OF  THE  PRESS. 

*'  The  best  ^arantee  for  their  excellence  is  that  thej  are  written  by  onr )>fi«t  anthon.  The  itfiiit 
ia  HhB  series  are  all  exoelient,  and  very  well  iUostrated."—- ^K  J<mma«. 

**  Each  of  these  volnmes  inakes  an  attraotiTc  present." — Ci^  Prett. 

**  We  reeonuneind  Ths  ICAawn  Bcobixs  strong^  to  those  who  wish  to  proride  smnsiog,  iastnis- 
tiTt.  and,  at  the  same  Ume,  really  good  reading  forihe  yoong,  at  a  trifling  onftlay.*' — Mug,  nhrniliie. 

<*  Tk>  ]£i«im  Bxoant  we  bebeTe  to  b«  the  beet  eoUeotion  of  cbildran's  books  erer  pobiUied."-* 
Briphi<m  QiuHU. 

'^  BabUshed  erery  month,  and  eostfasg  only  Threepenee,  almost  every  mother  in  the  land  mar  wilb 
tiMm  deHi^t  the  jwranilss,  among  whom  we  know  them  to  be  huge  fKfxmA%m:'—maiidmtJl,      - 

London :  GROOMBMDGE  k  SONM9  Patemoftfr  Row. 


